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Pharmaceiittcal compositions comprising tacrallmus ami/or an analogue thereof 
Field of the Invention 

The present invention relates to pharniaoeutlcai compositions fri parficulate tonn or In 
S solid dosage fonns comprising tacrolimus and/or a derivafive or an analogue thereof. 
Compositions of the Invention exhibit marlcediy Increased bioavailability of famUmus 
and/or an analogue thereof compared to commercially available soKd dosage fomis 
contabilng tacrolimus. The pharmaceutical composittons of the Invention are desiened to 
release tacrolimus In a controlled manner so that the plasma levels stays vAihin the 

10 nanow therapeufic window that exist for ftis class of substances. An extended release 
profile, where the peak concentration has been reduced without loosing significant 
bioavailabliltyi together with less variable absorption. Is wpettod to improve the 
safety/efficacy raBo of the drug. Furthennore, compositions according to the invenflon 
provide for a significant reduced food effect 

15 In particular the invenfion relates to solid phannaceutlcal compositions for oral 
administration comprising tacrolimus at least partly dissolved in a solid canter. 



BaekBr^uneS orf the inrantton 

Tacrolimus or FK-506 or FR-800S06 has the tri^Iic strucAjre shown below. 

20 
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Tacrolimus appears in the form of white ciyslals or cfystaDine powder. It Is practically 
Insoluble in vyater. fteeiy soluble in ettianol and very soluble in methanol and chloroform. 
The preparation of tacrolimus is desortbed in EP^^ 184 162 and analogues of tacrolimus 
ane disclosed e.g, in EP-A-O 444 659 and US 8.387.918. which is hereby incorporated by 
refsrenoe. 



Tacrolimus Is a macrollde compound with useful immurwsuppressive actrvi^, 
antimicrobial activity and other phaimaooiogicai activities and is of value fbr the treatment 
or prevention of rejectton reactions by transplantation of orgens or tisaues. giBfi veiaus 
1 0 host diseases, autoimmune diseases and infectious diseases. 

TacTOHmus prolongs the survival of the host and transplanted graft In animal transplant 
models of Hver, iddney. heart, bone mam>w and small bowei artd panci«aa. iung and 
trachea, skin, oomea and Dmb. 



IS 



in animals. lacroUmus has been demonstrated to suppress some humoral immunity and. 
to a greater extent, cell-mediated reactions such as allograft rejection, delayed type 
hypereanaltlvity. coUagen^nduced arthritis, experimental allergic encephalomyelitis and 



20 

Tacrolimus Inhibits T-lymphocyteactlvallon. although the exact mechanism of aotion is not 
known. Experimental evidence suggest that tacrolimus binds to an intracellular protein. 
FKBP-IZ A complex of tacroIImu8-FKBP.12. calcium, calmodulin, and caldneurfn is then 
formed and the phosphatase activity of caldneurfn Inhibited. This effect may prevent the 
25 dephosphorylatlon and translocation of nuclear factor of activated T-celis. a nuclear 

component thought to initiate gene transcriptian for the formation of lymphoWnes. The net 
result Is the Inhibition of T-lymphocyte activation. l.e. immunosupression. 

A commercially available tacroilmus-oontalning product is PiografiD. Prograf® is Indicated 
for the prophylaxis of organ rejectkin in patients receiving allogeneic Hver or kMney 
transplants. 



30 



Usually tacrolimus Is administered oraHy end Is therefore absorbed from the 
gastrointestinal tract, it has been observed that the ebsorption is negatively Influenced by 
35 the simultaneous Ingestion of food. Thus, the rate and extent of tacrolimus absorption 
were greatest under fasted conditions. 
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In general, it is known that the absorption and bioavailabHIty of a therapeutically aeUve 
substance can be affected by a variety of factors when administered orally. Such factora 
Induda the presence of fbod In the gastrointestinal tract and. In general, the gastric 
residence time of a dmg substance Is Signfflcantly longer In the prasanoe of fbod than In 
5 the fasted stala. If the bioavailability of a dnig substance Is aftiectBd beyond a certain point 
due to the presence of fbod In the gasttiiintestinal tract, the drug substance is said to 
exhibit a food effect Food efTects are important because absorption and hmoe the 
plasma levels becomes highly variable depending on fbod Intake. Absorption Into the 
bloodstream may be advereely affected to the poinl that the patient risks Insufficient 
10 absorption to remedy the condition for which the drug was admlntetered. On the other 
hand, the very Ngh peak oonoentrattons seen at fasted conditions occasionally, may very 
wen Induce significant shie Elects, of nephro- or neuro-fcndc wigln. as well as Gl slde- 
ef^ts and others. 



15 Frequently obsen/ed side effects ere vomiting and nausea but side effects like tremor, 
headache, hypertension, renal dysfunction, hyperkalemia. hypomagneMemla. 
hyperglycemia, Insomnia, diarrhea, constipation, abdominal pain, nephrotoxicity and 
neurotQ)dd^ are also observed. 

20 Absorptkm of tacrolimus flnom the gastrelnt^nal tract after oral admlnistratbn Is rapid 
a mean time-to -peak concentiafkin (UJ of approximately 1-2 houra after 
administration to healthy subjects or kidney or Bver transplanted patients, but Incomplete 
and variable. The bioavailability Is generally as low as at the most about 20% after oral 
admlnlstratton. 

25 

Tacrolimus is a substrate for boOi (^tochrome P450 IIIA4 (CYP3A4) and P-glycoproteln. 
Tacrolimus Is extensively metaboflzed by O-demethyletlon and/or hyditn^atton. Eight 
malor metabolites have been proposed. Oemethylatlon and hydroxylatlon were Identified 
as the primary medianlsms of blotransfonnatron. The malor m^boWe Idenfified In 
30 Incubations with human liver microsomes Is 13-demethyl tacrolimus. In m vitro studies, a 
31-demethyl metabolite has been reported to have the same activity as tacrolimus. 

Tacrolimus is extensively metabolized by the CYP3A4 Isoenzyme In the gut wall and liver. 
Therefore, dnjgs that affect this isoen^me may influence absorption and the subsequent 
35 ellmlnaflon of systemlcally absorb^ taerellmus. Inhibltora of CYP3A4 may herease 
tacrolimus levels, while Inducers of CYP3A4 may Increase the metaboHsm of tacrolimus 
and decrease tacrolimus leveb. Accordingly, tacrolimus may be admbilstered together 
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with one or more CYP3A4 inhibitors In order to Improve the overall btoavaltabili^. 

For oral admlntstraflon, tacrolimus Is currently formulated and marketed as soft gelatine 
capsules comprising the equivalent of 0.5. 1 or 5 mg anhydrous tacrolimus and marketed 
5 under the trade riarra Prc^ral® and ProtroploS>. The recommended Initial oral dose to 
from about 0.1 - 0.2 mg/kg/day in patients. The dose elms at a certain trough plasma level 
from about 5 to about 20 ng/ml. 

There remains a need for new pharmaceutical compositions comprising taraollmus 
10 exhibiting, a reproducible, controlled release of the drug with plasma levels which can stay 
within the narrow therapeutic vvdndow (see Fig. 1) for an extended period of time, without 
loosing significant bioavaltaUIIty. A reduction in food effect to help ensure, that plasma 
levels stays within the desired values. 

IS Further, pharmeceuticdl compositions comprising tacrolimus and exhibiting a repradudblB 
(i.a. less variable compared to tftat of Prograf®) extended release profile of this compound 
may allow a reduction in the dosage units taken by a patient, e.g. down to a single dose 
daily, and may also reduce or negate the need for food to be tekes elmulteneously with 
the dosage form thersby allowing patients more A^edom on when the drug is taken. 

20 Furthermore, it Is contemplahad that fluctuatione in the plasma concantratlon versus time 
profile may be significantly reduced. 

Delaying the release of tacrolimus to the distal part of duodenum may rsduce the drug 
related gastro-intestinal related side effects and the relatively high degree of metabolism 
25 in the proximal part of the gastrointestinal trad (CYP3A4 and P-glycoproteIn mediated 
metabolic}. Owing to the compositions/technology, this Is done without loosing systemic 
btoavallablllty. 

Description of the Imreiillon 

1. 30 As mentioned above, there Is a need for developing phannaceuticat tacrolimus-containlng 
compositions notably for oral use that lead to an improved treatment of conditions with 

V tacrolimus. An Improved release profile, which can ensurs significant lower CftHiu but still 
good bioavailability, as well as an extended release of drug staying within the therapeutic 
plasma levels for up to 24 hours after administration. A further therapeutic improvement of 
35 the invention is the rsductlon In food effect, which together with the Improved absorption 
should give nnore rsprodudbie plasma levels. The therapeutic improvements of the 
invention will clearly improve the ratio between side effe^ and efficacy. 



21/01 2004 ONS 14:99 PAZ -h48 39070071 ALBIHNS k/S 



P10778 DK 3 

Moreover, it has surprisingly been found that the efficacy of oral tacrolimus treatment can 
b© greatly Improved through daslgn of the tacrolimus release profile. On the one hand 
relatively high doses of tacrolimus are required to avoid transplant rejection and on the 
other hand side effect often get too pronounced even at therapeutically relevant levels, 
5 Thus, the side effects acute nausea. vomWng. nephrotoxicity and neurotoxicity are directly 
linked to high peak plasma concentrations. This link has been demonstrated In dogs. In 
those cases where a lower dose has been used In onler to avoid a high peak level, the 
dose-dependent side effects almost cease to occur at a certain threshold level and, ff they 
occurred, they were much less pnonounoed. However, due to the decrease In dose 

10 (without increasing the bloavailabioty) the therapeutlcally effective level is only maintained 
fbr a short duration of time. The present Invention addresses this problem by providing a 
phamnaoeutlcal oomposltlon containing tacrolimus, wherein ttie release of tacrolimus 
designed to avokl high peak oonoentretions and at the same time, the composition is 
designed so that the overall bloavailabilily is malntainad or Increased (compared to 

1 5 commercially a\^llable tacrollmus-contalning tablets). Moreover, t>y delaying the release 
of tacrolimus and at the same time provide a composition wherein tacrolimus is at least 
partly on dissolved form. It is possible to obtain a significant absorption in the distal part of 
the gastrointestlnat tract 

20 The present Invention provides phamiaceutlcal compositions and solM dosage fomis fbr 
Improved treatment of conditions that respond to tacrolimus treatment 

Within the scope of the present invention tacrolimus may be In any physical fomi (crystals, 
amorphous powder, any possible polymorphs, any possible solvates Including tt^e 
25 hydrate, anhydrate. complexes thereof etc). Included Is also any analogue, derivative or 
active metabolite of tecnolimiis, phdmnaceuUcally acceptable salte, solvates, complexes 
and prodrugs thereof. 

TaCToUmus is Indicated (or has been suggested) for the treatment of diseases such aa, 
. 30 e.g.. 

rejection reactions by fransplanlatton of organs or tissues such as ttie heart, kidney, liver, 
bone marrow, skin, cornea, lung, pancreas, small Intestine, Hmb, musde. nenre, 
intervertebral disc, trachea, myoblast, cartilage, etc.; 

35 giaft-veisus-host reactions following bone marrow transplantetlon; 
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autoimmura diseases such as rheumatoid arthritis, systemic tupus erythematosus, 
Hashimoto's thyroiditis, muiflple sclerosis, myasttienla gravis, type I diabetes, etc.; and 

infieclions caused by pathogenic mimorgartisms (e.g. Aspergillus fumlgatus, Fusarium 
5 oxysponim* Trichophyton asteroldes, etc); 

inflammatory or hyperprolireratrve skin diseases or ojtaneous manifestations of 
immunologically mediated diseases (e.g. psoriasis, atopic dermatitis, contact dermatitis, 
eocematold dermatitis, seborrheic dermatitis, lichen planus, pemphigus, bullous 
10 pemphigoid, epidermolysis bullosa, urticaria, angloedema, vasexditides. erythema, demial 
eoslnophllia, lupus erythematosus, acne, and alopecia areata); 

autoimmune diseases of the eye (e.g. keratoconjunctivitis, vernal conjunctivitis, uveitis 
associated with Behcet's disease, Iceratitis, herpetidceratitla, conical Iceratitls. corneal 
IS epithelial dj^trophy, keratoleukoma, ocular premphlgus, Mooren's ulcer, sderitis. Graves' 
ophthalmopathy, Vogt-Kbyanagl-Harada syndrome, keratoconjunctivitis sicca (dry aye), 
phlyctenule. Iridocyclitis, sarcoidosis, endocrine ophthalmopathy, etc.); 

reversible obstructive alnA^ dteeas^ [asthms (e.g. bronchial as^a, allergic asthma, 
20 intrinsic asthma, extrinsic asthma, and dust asthma), particularly chranlc or inveteiate 
asthma (e.g. late asthma and alnvay hyper-responslveness) bronchitis, eta]: 

mucosal or vascular inflammations (e.g. gastric ulcer, ischemic or thrombotic vascular 
Injury, ischemic bowel diseases, enteritis, necrotizing enterocoiras, intestinal damages 
25 associated with tharnial bums, leukotriene B4-mediated dbeases); 

Intestinal Inflammatlons/aUergies (e.g. coeilac diseases, procStis, eosinophilic 
gastroenterttls, mastocytosis, Crohn's disease and uteeratlve colttis); 

V 30 food-related allergic diseases vrith symptomatic manifestation remote from the 
gastrolntestinaJ tract (e.g. migrain, itilnKIs and eczema); 

renal diseases (e.g. intestitial nephritis, Goodpasture's syndrome, hemolytio uremic 
syndrome, and dtabetio nephropathy); 

35 
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nervous diseases (e.g. muHlpte myositis. Gulllaln-Barre syndrome. Meniere's disease. 
mulOpIa neurtds, solitary neuritis, cerebral Infarction, Afflielmer^ diseases Paridnson'6 
cflseases. amyDtraphlc lateral sderasts (ALS) and radiculopathy); 

5 cerebral ischemic disease (B.g.. head Injury, hemonhage In brain (e.g.. subarachn^d 
hemorrtiage, intracerebral henumrhage). cerebral thrombosis. ooBbral embolism, cardiac 
arrest, stroke, transient ischemic attack (TIA). hypertensive encephalopathy, cerebral 
Infarction); 

10 endocrine diseases (e.g. hyperthyroidism, and Basedow's dteeasa); 

hematic diseases (e^. pure red ceil aplasia, aplasfle anemia, hj^plaslrc anemia, 
kfiopathie thromboqrtopenie puipura, autoimmune hemolyfio anemia, agranukicyto«s. 
pemltious anemia. megatoblasUc anenria, and anerythroplasia): 

IS 

bona diseases (e.g. osteoporosis); 

respiratory diseases (e.g. sarcoidosis, pulmonary fibrosis, and idiopathic intereatiai 
rmeumonia); 

20 

sMn disease (e.g. dermatomyositis. leukoderma vulgaris, ichfliyosis vitfgaris. 
photosensUvf^. and oitaneous T-cell lymphoma); 

circulatory diseases (e.g. artertosderosis, atherosclerosis, aortitis syndrome, po^^rterltls 
25 nodosa, and myocardosis); 

ooHagen diseases (e.g. sderodentna, Wegener's granuloma, and Sjogren^ ^drome); 
adiposis: 

. 30 

eosinqahnicfSasciltis; 

periodontal diseases (e.g. damage to gingiva, periodontium, alveolar bone or substantia 
ossea dentis); 

35 

nephrotie syndrome (e.g. glomerutonephritis): 
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male pattern alopec^ alopeda senile; 
muscular dystrophy; 
S pyoderma and Sazary syndrome; 

chromosome abnormality-associated diseases (e.g. Down's syndrome); 
Addison's disease; 

10 

active oxyeen-medfated dteeases [e.g. organ Injury <e,g. Ischemic circulation disorders of 
organs (e.g. heart, liver. Mdn^, digestive tract, etc.) associated with presentation, 
ttansplantatlon, or Ischemic diseases (ag- thrombosis, cardial InftircHon. etc.)); 

IS Intestinal diseases (e.g. endotoxin shock, pseudcmembranoua colitis, and drug- or 
radiation-induced coDtls): 

renal diseases (®.g. Ischemic acute renal insufficiency, chronic renal faiiura); 

20 pulmonary diseases (e.g. toxicosis caused by pulmonary oxygen or drugs (e.g. paracort 
bleomycin. atOL), lung cancer, and pulmonary emphysema); 

ocular diseases (e.g. cataracta. Iron-storage disease (siderosis buibi), retinitis, 
pigmentosa, senile plaques, vitreous scarring, corneal alkali bum); 

25 

dermatitis (e.g. erythema multiforme, linear immunogrobulln A bullous demnatitis, cement 
dermatitis); and 

other diseases (e.g. glngMUs. perlodontttb, sepds, pancreatitis, and diseases caused by 
V 30 environmental pollution (e.g. air pollution), aging, cardnogen, metastasis of carcinoma, 
and hypobaropathy)!; 

%> * 

diseases caused by histamine release or leukotrlene C4 release; restenosis of coronary 
artery following angioplasty and prevention of postsurgical adhesions; 

35 

autoimmune dteeases and inflammatory conditions (e.g., primary mucosal edema, 
autoimmune atrophic gastritis, premature menopause, male sterility, juvenile diabetes 
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mellttus, pemphigus vulgaris, psmpMgold, sympathetic ophthalmitis, lens-tnduced uveitis, 
Idiopathic leukopenia, active chronic hepatitis. Idiopathic cirrhosis, discoid iupus 
erythematosus, autoimmune orchitis, arthritis (e.g. arthritis deformans), or polychondritis); 

S Hunran tmmunodeflcienty Virus (HIV) infection, AIDS; 

ailerglc oor^iuncOvitls; 

hypertrophic cicatrix and keloid due to trauma, bum. or surgery. 

10 

In addition, the tricyclic macrolrdes like e.g. tacrolimus have Ih/er regenerating acthdly 
and/or activifies of stimulating hypertrophy and hyperplasia of hepatocytes. Therefore, the 
phamnaoeuticai composition of the present Invention is useful for Inmasing the effect of 
the therapy and/or prophylaxis of liver diseases [ag. immunogenic diseases (e.g* chronic 
IS autolmmur^e liver diseases such as autoimmune hepatic diseases, primaiy biliary cirrhosis 
or sclerosing cholangitis), partial liver resection, acuta liver necrosis (e.g. necrosis caused 
by toxins, ^ral hepatitis, shook, or anoxia), hepatitis B. non-A non-B hepatitis, 
hepatodntiosis, and hepaflc failure (e.g. fulminant hepatitis, late-onset hepatitis and 
"acute-orhchronic^ liver failure (©cut© liver failure on chronic liver diseases))!. 

20 

Furthermore, a composition of the present Invention is useful for increasing the effect of 
the prevention and/or tnsatment of various diseases because of the useful 
pharmacological adivity of the tricyclic macrolides, such as augmenting activity of 
chemotherapeutlc effect, activity of cytomegalovirus infection, anti-inflammatory activity. 
25 inhibiting aoQvlty against paptidyl-prolyl Isomerase or notamase. antimalarial activi^. 
antitumor activity and so on. 

The present invention provides phamnaceutlcal compo^ons and soRd dosage fomis for 
improved treatment of conditions that respond to taorolimus traatmenL 

V 30 

In one aspect, the present invention relates to a pharmaceutical composttfon in particulate 
form comprising tacrolimus and/or an analogue thereof together ^Arith one or mora 
pharmaceutlcally acceptable exdplent, wherein VhB composition upon oral administration 
to a nr)ammai in need thereof exhibits an AUC/AUCpngnto value of at least about 1.3, the 
35 AUC values being determined under similar conditions. 
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As It appears from the Examples herein the bioavailability obtained after administiatlon of 
9 eompositton according to the Invention is maritedly Improved. Thus, in spedflc 
ennbodlments. the AUC/AUCpngno value Is at least about 1 .5 sudi as about 1 .75 or mora, 
about 1.8 or more, about 1.9 or more, about 2.0 or more, about 2.5 or more, about 2.76 or 
5 more, about 3,0 or more, about 3.25 or more, about 3.5 or nrmre, about 3.75 or more, 
about 4.0 or more, about 4.^ or more, about 4.5 or more, about 4.75 or more or about 
5.0 or more, the AUG values being determined under similar conditions. 

After oral administration of a phamiaceutical composition according to the present 
1 0 Invention it la contemplated that the plasma concentration versus time profile show an 
extended period of time In which the plasma concentration maintained within the 
therapeutic window (I.e. the plasma concentration leads to a therapeutic effect) without 
leading to serious unwanted side eniscls. Thus, a reduction in peak concentration Is also 
Observed. Accordingly, the Invention relates to a phamiaceutical composition In particuiate 
15 form comprising tacrolimus together with one or more phamnaoeutlcal|y accei^bie 

exdplent, wherein the composition upon oral administration to a mammal In need thereof 
releases tacrolimus in a controlled manner and exhibits a Cm« that is at the most about 
80% of that of (W tor Progral® tablets such as, e.g., at the most about 76%, at the most 
about 70%. at the most about 69%, at the most about 60%. at the ntost about 55%, at the 
20 most about S0%. at the most about 45% or at the most about 40%. 

In the present context the tenms controlled release and modified release are Intended to 
be equivalent temrw covering any of release of tacrolimus from a composition of the 
invention that Js appropriate to obtain a specific ttierapeuHc or prophylat^e response after 
25 administration to a subject A person skilled in the ert knows how controlled 

release/modified release diffisrs ftom the release of plain tablets or capsules. The terms 
"reieasa In a controlled manner" or "tslease in a modiRed manner" have the same 
meaning as stated above. 

V 30 The tenms controlled release/modified release Include slow release (that results in a lower 
Cmax and later tmwc. but is unchanged), extended release (that results In a lower Omat. 
later tma., but apparent tjt Is longer); delayed release (that result In an unchanged but 
lag time and, accordingly, tmm Is delayed, and tvi is unchanged) aa well as pulsatile 
retease. buret r^ease, sustained release, prolonged reieasa, chrono-optlmized release, 
35 fast release (to obtain an enhanced onset of action) ete. Included in the terms is also e.g. 
utilization of apecinc conditions within the body e.g. difrerent ensues or pH changes In 
order to control the release of the drug substance. 
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To b9 more specific, after oral administration to a mammal, including a liuman. of a 
pharmaceutical composition according to the present invention containing a dose of 5 mg 
tacrolimus, tacrolimus is released In a controlled manner and will exhibit a Cmax that is at 
5 the most about 30 ng/ml such as, e.g. at the most about 25 ng/ml or at the most about 20 
ng/ml. 

However, a reduction in pealc concentration may not lead to a decrease In therapeutic 
effect as long as the plasma concentration of taooilmuB is maintained v^thln the 

1 0 therapeutic window. Acxonilngly, the present Invention also relates to a phamiaceuticai 
composition, wherein Weo Is at least about 2 hours, such as, e.g., at least about 3 hours, 
at least about 4 hours, at least about S hours, at least about 6 hours, at least about 7 
hours, at least about 8 hours, at least about 9 hours, about 10 hours or more, about 1 1 
hours or mora, about 1 2 hours or more, about 1 3 hours or about 14 hours or more, 

15 Furthermore or moreover, a composition according to the inventbn has a Cdw* [Cnw - Q 
(1=12 hours)] that ts less than that of Prograf® tablets under the same conditions. If Cm for 
Progral® tablets Is set to 100 then C^of^ composition according to tiie invention Is 
normally 90 or less su^ 8@, e.g., about 85 or less, about 80 or less, about 75 or less, 
about 70 or less, about 65 or less, about 60 or less, sibout 55 or less, about 50 or less, 
20 about 46 or less or about 40 or less. 

More spedflcally, after oral administration to a mammal, Including a human, of a 
phamiaoeutical composition of the invention containing 5 mg d tacrolimus, tacrolimus is 
released in a controlled manner and exhibits a Cdn of about 20 ng/ml or less such as, e.g., 
25 about 1 S ng/ml or less, about 1 3 ng/ml or less or about 1 0 ng/ml or less. 

A pharmaceutical composition according to the Invention releases tacrolimus in a 
controlled manner in order to Mend the therapeutic action of tacrolimus. In one aspect 
tiie r^ease may be pH dependant, Le. tine release predominantly takes place after 
^ 30 passage of the stomach. Such a pH dependent release is mainly provided by means of 
enteric coating material as described herein. The release m^ also be pH Independent, 
e.g. by providing the composition with e controlled release coating such as, e.g. a 
cellulose based coating like e.g. ethyl(»Iiulose or by providing the composition in the form 
of a matrix composition such as, e.g., a hydrophlHc cellulose polymer matrix type e.g. 
3S based on HPMC. A combination may of course also be employed. 



in general, the change In bioavailability and/or the changes in other bioavailability related 



21/01 2004 ONS 14:40 FAX +4B 99870071 AlBIHNS A/S 



P10779 DK J 2 

parameters are normally detemilned by Ai Wvo studies In a suitable animal model testing 
the compositions In question together wHh e.g. Prograi® or a similar commercially 
available tacronmus-oontainlng product. TTie use of a dog model for establishing evidence 
of the bioavailability of certain formulations Is general piactioe in the pharmaceutical 
S industry. 

The studies relevant for tacronmus are non-radomlzed, cross-over studies, where each 
dog Is Ifs own oontrol. Four dogs, and four tnsatments are nomialiy applied. As no iv 
injections are given, the bioav^iabilitlss obtained are relative. 

0 

Further it has surprisingly been found that the need for simultaneous fbod Intalce in order 
to secure a suffldent uptake of tscrollmus is significantly reduoed or even oompleteiy 
abolished. 



15 Thus, the phamnaceutlcal compositions according to the Invention provide significant 
higher bloavaiiabllity of tacrcrflmus, which may reduce the number of daily administered 
dosage units, and reduce or abolish the need for administration In connection wIBi food 
Intake, which provide for a higher d^ree of freedom for the recipient of ttie 
phamfiacsutlcai compositidns, and consequently th® patients acceptance and/or 

20 compliance may be signffieantly improved. Furthemiora, the eomposltlons provide a 
significant reduction In side effects, espedally side effect leiatsd to a Mgh peak 
concentration (such as, e.g.. nephro- and neuio-toxidty. diarrhea, constipation, abdominal 
pain, nausea etc) and provUe for an extended release of ta^iinrRjs leading to a better 
therapy. 

25 

As mentioned above, one of the challenges with respect to formulation of tacrolimus 
composWtens Is to avokf an adverse fbod effact In general, tacrolimus is much better 
absorbed when it is administered orally without food. A great variation in bloavailabflHy is 
therefore seen following administration with or without food. This dependency makes It 

30 difficult to give precise guidsllnes as to how large a dose that should be administered and, 
furthennore. it requirss InfontiaHon to the patient about the dosing regime. The present 
invention alms at providing compositions wherein the adverse food effect is reduoed. 
Thus, the present invention provides a eomposi«on, wWch does notexIMbit a significant 
adverse food effect after administration of the composition to a n»mmal In need of such a 

\S treatment as evMenoed by a value of (AUCiw/AUCjttw) of at least about 0.85 with a tower 
80% confMence limit of at least 0.75. 
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More specifically, a pharmaceutical compositiDn according to the Invention has a value of 
(AUChcs/AUCteuad) of about 0.9 or more such as, e.g., about 0.95 or more, about 0.97 or 
more or about 1 or more sudi as, e.g.. up to about 1.1 or up to about 1.2. 

5 A further advantage of a oomposttion of the present Invention Is the poralbDIty of obtainhg 
an effiactive therapeutic response \AAh a decreased dosage compared to traditional oral 
treatment. Accordlngfy. upon oral administration to a mammal In need thereof a 
pharmaceutical composition according to the Invention releases tacronmus or an analogue 
thereof In a controlled ntanner and the oomposition Is essentially bloequlvalent with 

1 0 PrografO or a similar commercially available tacrollmus*contalnlng product when 

administered In a dosis that Is at the about most about 85% vi/w such as. e.g., at the most 
about 80% wAtf, at the most about 75%, at the most about 70% wAv, at the most about 
65% wAv, at the most about 60% wAv, at the most about 55% wAv or at the most about 
50% wAv of the dose of tacrolimus administered In the form of Pr^r^ or a simitar 

1 5 commeraiaUy avaDabia tamlimus-containing product 

Parameters often used In bloaquivalence studies are tc^x, AUQwnenfty, AUQw. Ottier 
relevant parameters may be Wai, Wvs and/or MRT. Accordingly, at least one of theste 
parameters may be applied when determining whether bioequivalence is present. 
20 Furthermore, In the present context, two composWons are r^rded as bloaqulvalsnt if 
value of the parameter used Is within 80-125% of that of Progran&or a almilar 
convneitiaDy available tacroUmu&oontalning product used in the test. 

In the present context "timx" denotes the time to reach the masdmai plasma concentration 
25 (Crrajt) after administration; AUCo4nflniiy denotes the area under the plasma concentration 
versus time curve from time 0 to infinity; AUCo4 denotes the area under the plasma 
concentration versus time curve from tinne 0 to time t; Wqo denotes the time where the 
plasma concentration is 50% or more of C„^ \Nn denotes the 6me where the plasma 
concentration is 75% or ntore of CmnS and MRT denotes mean residence time for 
X 30 tacrolimus (and/or an analogue thereof). 

Two other main disadvantages associated wltti treattnent or prophylaxis wltti tacrolimus is 
the relative high Incidence of side effects and a relatively high Inter-tndlvldual variation. It 
is envisaged that a composiiton according to the invention will lead to a reduction In side 
35 efiBcts. The reduction may be in terms of reduced frequency or in tenms of severity. The 
sbfe effects In question tndude e.g. nephro- and neuro-toxiclty, diamte, constipation, 
abdominal pain, nausea etc. In one aspect the Invention concerns a pharniaoeutlcal 
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Gomposltion In particulate form comprtsing tacrolimus or an analogue thereof together with 
one or more phaimaceuticaily accepteble exclpiant wherein the composition upon oral 
administration to a mammal In need ttiemof releases tacroflmus or an anatc^ue tharaof In 
a oontnolied manner and reduces side effects compared to those of Progral® administered 
S under the same conditions and in a dose that provides an equivalent therapeutic effect. 

increasing the bioav^blllty. the Area Under the Curve, wlli normally reduce the Intra- 
and Inter- varlabflify related to absorption of a drug substance. This is partloularty true; 
whenever the low and Impaired bioavailability Is a consequence of poor water solubilit/. It 
10 is contemplated that compositions according to ttie invention wfil provide CVs (CV 

coefficient of varletion) on Area under Curve data that are significantly smaller than with 
PrografS and like products. 

As mentioned hen^befbre. one of the baste features of the present Invention is that it is 
IS possible to obtain an improvement in the bioavailability by oral administration of a 

composition of the present Invention. Normally, a low bioavailablltty of a drug substance 
after oral administration is a barrier for design of a controlled or modified release 
composition of th® drug substance due to the fact that it is almost Impossible to obtain 
effective drug levels over s prolonged period of fime. However, with the present 
20 technology it is possible to obtain e significantly improved bioavailability and thensby 
pMSible to design controlled, modified or delayed release compositions. 

Tacrolimus is extensively metabolized by the CYP3A4 isoenzyme in the gut wall and liver. 
Accordingly, a suitable controlled rstease composition maybe a composition that is 
25 designad to release tacronmus in a delayed manner so as to avoid or naduoe the CYP3A4 
metabolism In the gestrointestinai tract. 

Delayed release is mainly brought about by some kind of enteric coating. Whereas 
semipermeable coating will show some Idnd of delayed release, it does not preciously 
^ 30 enough "delay'releasa Additionally it requires a certain amount of time to relea^ 

content The coating sought for this invention. Is a pH dependant coaCng. This type of 
coating is very resistant to release of drug until a certain pH is reached. Within very few 
1/1 Oth of pH. the film alters properties and becomes pemneable. Examples of pH- 
sensitive polymers, which are relatively Insoluble and impermeable at the pH of the 
3S stomach, but which are more soluble and permeable at the pH of die small intestine and 
colon Include, but not limited to: 
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poJyacrylamldes. phthafate derivatives such as add phthalatss of carbohydrateB. amylosd 
acetate phthalate, cellulose acetate pWhalate. other cellulose ester phthalates. cellulose 
ether phthaIata8..hydroxypropylcenulo8e phthalate. hydroxypropylethylcellulose phthalate. 
hydroxypropylmethylceliulose phthalate. methylcellulose phthalate. polyvinyl acetate 
phthalate. polyvinyl aoafata hydrogen phthalate. sodium ceUulose acetate phthalate, 
starch acid phthalate. styrene^leie add dibutyl phthalate copolymer, styrene^alelc 
add polyvlnylacetate phthalate copolymer, styrene and maleic add copoiymei9. 
poiyacryiic add denvatives such as acrylic add and acrylic ester copolymers, 
polymethaciyfic add and esters thereof, poly acrylic methacryOc add copolymeis, shellac, 
and vinyl acetate and crotonic add copolymeis. 



pH-senslttvB polymers of specific Interest Induda shellac; phthalate deiivatlvea. 
particularly ceflulose acetate phthalate. polyvlnylacetate phthalate, and 
hydtoxypropylmethylcellulose phthalate; poiyacryiic add derivatives, particulariy 
1 5 polymetM methacrylatB blended with acrylic add and acrylic ester copolymeis; and vinyl 
acetate and crotonic add copdymeis. 

The release of the active substance from a composition having a delayed reiease coaling 
could also be an enzymatic reaction. If ftjr example zein or mono/dhglycaridB mbdurea are 
20 employed as coating materiel. 

Upon oral administration to a mammal. Induding a human, in lieed thereof, a oontrolled 
ndeese pharmaoeufieal eompositton according to the present Invention releases 
tacrolimus in such a manner that a plasma concentration of at least about 6 ng/ml such 
as. e.g.. at least about 7.5 ng/ml or at least about 10 ng/ml for a time period of at least 
about 24 hours Is obtained. In a spedfic aspect of the Invention the difference between 
the peak plaama concentration and plasma concentration measured 24 hours after 
administration Is at the most about 20 ng/ml such as. e.g.. at the most about 10 ng/ml. at 
the most about 7.5 ng/m| or at the moat about 5 ng/ml 

30 

In a spedfic aspect, the invention provides a pharmaceutical composition or a solid 
dosage form that releases tacrollmie and/or an analogue thereof relatively fest so as to 
enable a relatively fast onset of therapeutic effect In one aspect, the invention relates to a 
phamwoeuUcai composition in particulate form comprising tacrolimus and/or an analogue 
35 thereof together with one or more pharmaceutieaUy acceptable exdplent. wherein the 
composition upon oral adnUnlstFallon to a mammal In need thenaof in a controlled manner 
releases at least about 50% wfw of the total amount of taerolimus or an analogue thereof 



25 
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Within about 24 hours, such as. e.g., within atMut 22 houro. within about 20 houis, within 
about 18 hours, within about 15 hours or within about 12 hours. 

MofB apedflcany, upon oral administration lo a mammal in need thereof a composition 
5 according to the Invention releases at least about 50% wAv of the total amount of 

tacrolimus and/or an analogue thereof wHhln about 10 houra such as, 8.g., within about 8 
hours, virithln about 6 hours, within about 4 hours or wHhin about 3 hours. 

In a further embodiment, upon oral administration to a mammal In need thereof a 
1 0 phanmaoeutlcal composition according to the invention releases at least about 55% wAv 
such as. e.Q.. about 60% w/W or more, about 65% w/W or more, about 70% w/W or mora, 
about 75% \M/W or more or about 80% w/W or more of the total amount of tacrolimus 
and/or an analogue thereof within about 24 hours, such as. e.g., within about 22 hours, 
within about 20 hours, within about 18 houis. about 15 hours, within about 12 houre. 
15 within about 10 houra, within 8 hours or vwtWn about 6 houis. 



Furthennore or altemafively, at least about 60% w/W of the total amount of tecr^imus 
and/or an an^ue Qtemaf is released about 24 houre, within about 22 hours, \Mthin 
about 20 houre. within about 18 houre, wHhin 15 houre. within about 12 houre. when 

20 tested in an in vitro dissolution test and anplqfing a dissolution medium comprising a 
buffisr having pH 7.5. Guidance for a suitable dissoluUan test Is described in the Bcamples 
herein, but variations with respect to tha specific method employed and the Ingredients 
oonlalned In the dissolution medium etc. are within tha scope of the present Invention. A 
person skilled in the art wm Icnow how to carry out a suitable dissolution test e.g. with 

25 guidance from USP, Ph.Eur. and the liKe. Suitable conditions for the h vftro dissdution 
test are enploylng USP dissolution test (paddle method) and a buffer pH 7.5 containing 
2.5% SDS and Ig/mL of pancreatin as dissolution medium. 



in other embodiments, the following conditions are fulfilled with respect to bi vttm 
30 dissolution test: 

I) at least about 50% w/w of the total amount of taereOmus or an analogue thereof is 
released within about 10 houre such as. e.g., wttWn about 6 houre, within about 6 houra. 
within about 4 houre, wHhfn about 3 houre, within about 2 houre. within about 1 hour. 
35 within about 45 mln, within about 30 min or within about 1 5 min, when tested fri an bi vitro 
dissolution test and employing a dissolution medium comprising a buffer having pH 7.5 
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W) at least about 50% w/w of the total amount of tacrolimi^ or an analogue thereof Is 
released within about 1.5 hours sudt as. e.g.. lArithin about 1 hour, within about 0.75 
hours, v\dthin about 0.5 hours or within about 20 minutes, when tested In an In vitro 
disadutfon test and employing a dissolution medium comprising a buffer having pH 7.S. 

5 

III) at least about 55% w/w such as» e.g.. about 60% wtw or more, about 6S% wfw or more, 
about 70% wAv or more, about 75% wfw or more or about 80% w/w or more of the total 
amount of tacrolimus or an analogue thereof Is rtfeased within about 15 hours aucAi as, 
e,g.. within about 12 hours, wltiiln about 10 hours, within 8 hours or within about 6 hours, 
10 when tested In an In yttro dissolution test and empioying a dissolution medium comprising 
a buffer having pH 7.5 

iv) af least about 55% w/w such as, e.g., about 60% w/w or more, about 66% w/w or 
more, about 70% w/w or more, about 75% w/w or more or about 80% w/w or mora of the 
IS total anmunt of tacrolimus or an analogue thereof Is released within about 5 hours such 
as, e.g., within about 4 hours, within about 3 hours, within about 2 hours, within about 1 
hours or within about 30 minutes, when tested In an in vitro dissolution test and employing 
a dissolution medium comprising a buffer having pH 7.5, and/or 

20 V) at least about 20% wfw such as. e.g., at least about 25% w/W, at least about 30% w/w, 
at least about 35% w/w or at least about 40% w/w of the total amount of tecrolfmue or an 
analogue thereof Is released vrithin tha flrsft 3 hours such as. e.g.. vrithin the ftst 2 hours 
or within tha first hour when tested In an In vltno dlssoluQon test and employing a 
dissolution medium comprtslng a buffer having pH 7.5. 

25 

In an Interesting embodiment, the composition Is designed to have a delayed release of 
tecrolimus and/or an analogue thereof. Therefbre. the Invention also includes a 
pharmaceutical compoirition rn particulate fomn comprising tacrolimus and/or an analogue 
thereof together with one or more pharmaoeuflcaliy acceptable exdplent. wherein the 
« 30 oomposltion upon oral administratton to a mammal In need thereof has a delayed ndease 
of tacrolimus and/or an analc^ue thereof so that at the most 10% w/w sudi as. e.g.. at the 
most about 7.5% w/w or at the most about 5% wfw of the totel amount of tacrolimus or an 
analogue thereof Is released within the first two hours such as, a.g.. within the first hour 
after administration. 

35 

In other embodiments, the fbilo^ng conditions are fulfilled with respect to /n v/tm 
dissolution test performed under acidic oonditions: 
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I) at mo most about 30% wAv such as, e.g., at ttie most about 25% wAv, at th© most about 
20% wAv, at the most about 1 5% wAv or at the most about 1 0% wAw of tacrolimus or an 
analogue ftereof is released within 2 hours In an In wtro dlssolutfon test employing a 

5 dissolution medium having a pH of at the most about 5 such as, e.g. at the most about 
4.6, at the most about 4, at the most about 3.5, at the most about 3. at the most about 2 or 
at the nnost about 1 .5» 

II) at the most about 10% wAa^ sue* as, ag.. at the most about 7.5% wAv, at the most 
10 about 5% wAw or at the most about 2.5% wAw of tacrolimus or an analogue thereof fs 

released within 2 hours In an in vitro dissolution test employing a dissolution medium 
having a pH of at the most about 5 such as. e-g. at the most about 4.5, at the most about 
4. at the most about 3.5, at the most about 3, at the most about 2 ch^ at the most about 1.5 

15 III) at ttie most about 60% wAv such as, e.g., at the most about 50% wAv, at the most 
about 40% w/w or at the most about 30% wAv of tacroHmus or an analogue thereof is 
jBleased within 15 hours such as. e.g., within about 12 hours, when tested In an in vitro 
dissolution test employ a dissolution medium having a pH of at the moat about 4.5 8U(^ 
as, e.g. @t the most about 4.0« at the most about 3.5, at the most about 3, at the most 

20 about 2 or at the most about 1 .S 

Iv) at the most about 40% wAv such asi e.g. , at the most about 30% wAw. at the most 
about 25% wAv or at the most about 20% wA/ of tacrolimus or an analogue thereof rs 
released within 6 hours when tested In an in vitro dissolution test employing a dissolution 
25 medium having a pH of at the most about 4.5 such as. e,g, at the most about 4.0, at the 
most about 3.6, at the most about 3, at the most about 2 or at the most about 1 ,5, and/or 

V) at the most about 30% wAv such as. ag., at the most about 25% wAat. at the most about 
20% wAv or at the most ak)out 15% wAv of tacrolimus or an analogue thereof te released 
. 30 within 4 hours when tested in an in vitro dissolution lest employing a dissolution medium 
having a pH of at the most about 4.6 such as, e.g. at the most about 4.0, at the most 
about 3.5, at the most about 3, at the most about 2 or at the most about l.S. 

Apart from tacrolimus, a composition of the invention may also comprise a further 
3S therapeutically, prophylactlcally and/or dlagnostically active substance. Notably 
combinations of tacrolimus mM) at least one of the following acHva substances are of 
Interest Substances that are Indicated for use in connection with organ transplantation 
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such as. e.g., steroids, catdneurin inhibitors and/or antH>roliferative agents. Specific 
examples Include prednisone, prednisolone* methylprednlsone, cydosportn* 
mycophenolate, azathloprine, and slrolimua. 

S The pharmaoeuOcal composKlore may be prepared by any convenient method such as. 
e,g. granulation, ml^dng. spray dr^^ng eta A partlculariy useful method is the method 
described In WO 03/004001. Herein Is described a process for the preparation of 
particulate material by a controlled agglomeration nriethod, le. a method, which enables a 
controlled growth In particle size. The method involves spraying a first composition 
10 comprising e.g. tacrolimus and a earner, which has been melted, onto a second solid 
<»rrier medium. Normally, the meltable canler has a melting point of at least 5 ''C but 
lower then the meifing point of taoollmus. The melting point of the carrier may be In the 
range of 10 '^C to ISO ''C. such as. e^g., in the range of 30 to lOO^C or In the range of 
40 ^'C to 50 is most prefen^. 

15 

it is within the skills of the average practioner to select a suitable carrier being 
pharmaceutical acceptable, capable of dissolving or at least partly dissolve tacrolimus and 
having a melting point in the desired range using general knowledge and routine 
aqperimentsflon. Suitable candidate for carriers ere described in WO 03/)M)40Q1» whic^ is 
20 hersin incorporated by reference. 

In the present context ajltable carriers are e.g, those mentioned as an oil or an olly^lllce 
material (as discussed later herein) as weU as those disclosed in WO 03A)04001. 

75 Art advantage of using the controlled agglomeration method described In WO 03/004001 
re that it Is possible to apply a relatively large amount of a melt to a particulate material 
vnfhout havfng an undesirable growth In particle size. Accordingly, in one embodiment of 
the invention, the perticulafe material of a phamnaceutlcal composition has a geometrio 
weight mean diameter dg^ of ^I0pm such as. e.g. ^0 //m, from about 20 to about 2000. 

30 from about 30 to about 2000, from about 50 to about 2000, from about 60 to about 2000, 
from about 75 to about 2000 sudi as, e.g. finom about 100 to about 1500 //m, from about 
100 to about 1000 /m or from about 100 to about 700 /im. or at the most about 400 pn\ or 
at the most 300 siiu such as, e.g., from about 50 to about 400 urn such as, e.g., from 
about 50 to about 350 /im. from about 50 to about 300 //m, from about SO to about 250 A^m 

35 or from about 1 00 to about 300 um. 
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The particulata material obtained by the above-mentioned method has suitable pn^erttes 
wrtth respect to flowabflrty and/or compressibility and is therefore suitable for further 
processing into phanmaceutical dosage forms. 

S Pharmaeaulleally acceptable exclplents 

In the present context the tomfis "pharmaeeutlcally aeceplable excipienf are intended to 
denote any material, which Is Inert In the sense that it substantially does not have ar^ 
therapeutic and/or prophylactic effert perse. Such an exdplent may be added wltti the 
purpose of mailing it possible to obtain a phamiaceutfcal, C(»metlc and/br foodstuff 
10 composition, whl^ have acceptable technical properties. 

Examples on suitable exdplsnts for use in a oomposition or solid dosage fom> acconJIng 
to the Invention include fiilere, diluents, dlslntegrants, btndere, lubricants etc. or mixture 
thereof. As the conm^tlon or solid dosage Ibmi according to the invention may be ised 
15 for different purposes, the choice of exdplenis Is normally made taken such different uses 
Into considerations. Other phamiaceutlcally acceptable exdpients fbr suitable use are e.g. 
addling agents, alkalizing agents, preservatives, antioxidante, buffering agents, 
chelating agents, coloring agents, complexlng agents, emulsifying and/or solubilising 
agents, flavors and perfumes, humec^nls, sweetening agents, wetting agents etc, 

20 

Examples on suitable flliers, diluents and/br binders indude lactose (e.g. spi^-drlad 
lactose, a-lactose. ^-lactose. Tabl^ose^. various grades of Phamriatose®. MIcratose® or 
Fast-Floc®). microcrystalilne cellulose (N^rious grades of AvIoeiO. Eloema®. Vivace^. 
iVlingTal®or8oiica-Floc®), hydroxwiropylcellulose, L-hydrt»vpropylcellulose (low 
25 substituted), hydroxypropyt methylcellulose (HPiMC) {e.g. Methocei E, F and K. Metobse 
SH of Shin-Etsu, Ltd. such as. e.g. the 4,000 cps gradra of Methocei E and Metolose BO 
8H, the 4.000 cps grades of Melhocel F and Metolose 65 SH. the 4,000, 15,000 and 
100.000 cps grades of IMethocel K: and the 4,000. 15.000. 39.000 and 100,000 grades of 
Metolose GO SH). methyloeDuIose polymers {such as. e.Q.. Methocei A. Methocei A4C. 
. 30 Methocei A15C, Methocei A4M), hydmorethyloeflulose. sodium carboxymethyfoeliulose. 
carbojQffnethylene, carboQirmethylhydroxyethyloeiluIose and other ceflulose derivaflves, 
sucrose, agarose, sorbitol, mannltol, dextrins, maltodextrins. storehes or modified 
stanjhes Ondudlng potato staroh, maize starch and rice starch), caldum phosphate (e.g. 
b^c caldum phosphate, caldum hydrogen phosphate, dicaldum phosphate hydrate), 
35 caldum sulfate, caldum caribonate. sodium alginate, collagen eta 
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Spactfic examples of diluents are ag. calcium carbonate, dibasic caldum phosphate, 
tribasic caldum phosphate, caldum sulfete, mlc^ocr^talllne cellulose, powdered 
cellulose, dextnans, dextrin, dextrose, fructose, kaolin, lactose, mannltol, sorbitol, starch, 
pregelattnlzed starchi sucrose, sugar eta 

5 

Specific examples of dislntegranta are e.o. alglnic add or alginates. mlcrocKystalline 
Kllulose, hydrD)^ropyl cellulose and other cellulose derivatives, croscarmellose sodium, 
crospoxridone, polacrlUln potassium, sodium starch glycolate, starch, pregelatlnlzed starchy 
carboxymethyi starch (e.g. Primogel® and Explotab®) etc. 

10 

Specific examples of binders are e.g. acada, alginic add, agar, caldum canrageenan, 
sodium carbos^ethyloellulose, microcrystalRne cellulose, dextrin, ethylcelluloso. gelatin, 
liquid glucose, guar gum. hydroxypropyl methylcellulose, methyloellulose. pectin. PEG. 
povidone, pr^elatlnized starch eta 

IS 

Glldants and lubricants may also be Induded In the composition. Examples Indude stearic 
add, magnesium stearate, calcium stearate or other metallic stearate, tele, waxes and 
glycerides, light mineral oil, PEG, glyceryl behenate. colloidal sinca, hydrogenated 
vegetable oils, com starch, sodium st@aryl llimafate. polyethylene glycols, alkyi sulfates, 
20 sodium bensoate, sodium acetate etc 

Other exdpients which may ba Induded In a composition or solid dosage form of the 
invention are e.g. flavoring agents, coloring agents, taste-masidng agents, pH-adJusting 
agents, buffering agents, preservatives, stabilizing agents, antl-oxidants, wetting agents, 
25 humidity-adjusting agents, suri^ce-active agents, suspending agents, absorption 
enhandng agents, agents for modified release etc 

Other additives in a composition or a solid dosage fomn according to the Invenflon may be 
antioxidants like e.g. ascorbic add, ascorbyl palmitate, bu^ated hydroxyanisole. 
> 30 bulylated hydroxyioiuene. i^pophosphorous add, monothioglycenoi. potassium 

metablsulflte. propyl gallate, sodium formaldehylde suifoxylate. sodium metablsulfitei 
sodium thiosul^te, sulfUr dioxide, tocopherol, tocopherol acetate, tocopherol 
hemlsucdnate, TPGS or other tocopherol derivatives, etc. The carrier composition may 
also contain e.g, stabilising agents. The concentratton of an antioxidant and/or a 
35 stabilizing agent in the carrier composition is nomiaily from about 0.1 % w/w to about 5% 
w/w. 
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A composition or aoM dosags form a^rdlng to the Invention may also indude one or 
more surfactants or substances having surface-active properties. It is contemplated that 
su^ substances are Involved in the wstOng of the slightly soluble active substance and 
thus, contributes to Improved solubllify characteristics of the active substance. 

5 

Examples on eurlSactants are given in the following. 

Suitable exclpients fbr use In a composition or a solid dosage fonn according to the 
Invention are surfactants such as. e.g.. amphlphilBc surfactants as those disclosed in WO 
10 00^0007 In the name of LIpocIne. Inc. Examples on suitable surfectants are 

0 polyethO)(ylated fatty acids such as, a.g. fatty acid mono- or diestens of 
pdyettiylens glyoof or mixtures thereof such as. e.g. mono - or diesters of 
poiyeOiyiene glycol mh taurfc add. oleio add. etearie add, myristic add, 
rfdnoleto add, and the polyethytene glycol may be salectBd from PEG 4. PEG 
'5 5, PEG $, PEG 7, PEG 6. PEG 9, PEG 10, PEG 12, PEG 15, PEG 20, PEG 

25, PEG 30. PEG 32. PEG 40. PEG 45, PEG 50, I^G 55. PEG 100. PEG 200, 
PEG 400, PEG 600, PEG BOO. PEG 1000. PEG 2000. PEG 3000. PEG 4000. 
PEG 3000, PEG 6000. PEG 7000, PEG 8000, PEG 9000, PEG 1000. PEG 
10,000. PEG 15,000, PEG 20,000, PEG 35.000, 
20 0} Pdysihylenegiyco) glycerol mtty add esters. esters nice the above- 
mentioned but in the Ibrm of giyoeiyl esters of the Individual fatty acids; 
no glycerol, propylene glyool. ethylene glycol, PEG or sorbitol esters wfth e.g. 
vegetable oils IRcs e.g. hydrogenated castor dl. almond oil. palm kernel oil. 
castor oil. apricot Icemel on. olive oil, peanut oil, hydrogenatad palm (feme! oil 
25 and the lllce, 

Mi polyglycertzed fatty adds like e.g. polyglycerol stearate, polygiycerol oleate, 

poiyghrcerol ridndeate, pdygiyoeiDl iinoleata, 
v) ftfopylens glyool HXtj/ add esters audi as, e.g. propylene glycol monolauratB. 

propylene glyool ridnoleate and the like, 
30 yA) mono- end diglyoerides like e.g. giyceiyimonooleafe, glyceryl dldeae, glyceryl 

mono- and/or dioleate, glyceryl capiylate. glyceryl caprate etc; 
yAi) sterol and sterol derivatives; 

viil) polyethylene glycol sorbltan fatty acid esters (PEG-sorbitan fatty add esters) 
such ae esters of PEG with the various molecular weights Indicated above, and 
35 the various TVveen (B> series; 

be) polyethylene glycol alkyi ethers such as, e.g. PEG deyl ether and PEG lauryl 
ethen 
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X) sugar esters like e.g. sucrose monopalmitate and sucrose monolaurate; 
xO polyethylene glycol alkyi phenols Hke e,g. the Tritont© X or N series: 
xll) polyoxyethylene-polyo^wropylens bio* copolymers such as. e.g., the 

Pluronic® series, the Synperonlo® series, Emkalyx®, Lufro®, Supronic® eta 
5 The generic tenfn tor these polymers is "'poioxamers' and relevant examples In 

the present context are Pdoxamer 105, 108. 122, 123, 124, 181, 182. 183. 

184, 185, 188. 212, 215, 217, 231, 234. 236. 237. 238, 282. 284, 288, 331, 

333, 334, 335. 338, 401, 402, 403 and 407; 
xiii) sorbitan fatty add esters like the SpaniS series or Arfacel® series such as, e.g. 
1 0 sorblnan monolaurate, sorbitan monopalmHata, sorbitan monooleate, sorbitan 

monostearate etc; 

xlv) lower alcohol fiBtty acid esters like e.g. oleate, teopropyl myrfstate, fsoprcpyl 
palnrritate eta; 

XV) Imic surfactants including oatlonic. antonic and zwitterionic surfactants such 
1^ as, e.g. fiatty add salts, bfla salts, phospholipids, phosphoric acid estorSp 

carboxyiates, sulfates and sutfona^ etc 

When a aurfaceant or a mlxajr© of surfectents Is present In a composltfon or a ^lid 
dosage form of the Invention, the concentration of th© surfac^ntCs) is normally in a range 
20 of from about 0,1 - 80% w/W such as, e-g., from about 0.1 to about 20% w/W, from about 
0.1 to about 15% w/to, finom about 0.5 to about 10% wAv. or alternatively, from about 0.10 
to about 80% w/w such as, e.g. from about 10 to at)out 70% wAv, from about 20 to about 
80% w/w or from about 30 to about 50% wAv. 

25 In a specific aspect of the Invention, the at least one of the one or more pharmaceutlcally 
acceptable exdplent Is selected from the group consisting of silica add or a derivative or 
salt thereof including sili«tes, silicon dioxide and polymers thereof^ magnesium 
aluminosilteate and/or magnesium aluminometasilicate, bentonlte, kadin, magnesium 
trislltcate, montmornionKB and/or saponlte. 

' 30 

Such materials are is espedaliy uselUI as a sorptlori material for oRs or oily-IIke materials 
in pharmaoeuticals, cosmetics and/or foodstuff. In a specific embodiment, the matersal is 
used as a sorption material for oils or oUy-like materials in pharmaceuticals. The material 
that has the ability to function as a sorption material for oils or olly-IIke materials is also 
35 denoted "oil sorption material". Furthermore. In the present context the term "sorption" is 
used to denote "absorpfiorr as well as ""adsorption". It should be understood that 
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Whenever one of the terms Is used It Is intended to cover the phenomenon absorption as 
well ee adsorption. 

Notably, the pharmaoeuficaliy acceptable extiplent may comprise a silica add or a 
S derivative or salt thereof sudi as. ag., silicon dlodde or a polymer thereof as a 
phamiaceuticaliy acceptable exdfrienL Dependent on the quality employed a silicon 
dioxide may be a lubricant or K may be an oil sorption niaterfal. Qualities fulflinng the latter 
fun^on seem to be most important 

10 in a specific embodiment, a composition or solid dosage form according to Invention 
comprises a pharmaceutlcally acceptable exdpient that Is a snicon dioxide product that 
has properties corresponding to Aeroperl® 300. (available from Degussa, Frankfurt, 
Germany). 

As It appears from ttie examples herein, a very suitable material la AeropeilO 300 
1 S (induding materials vrfth properties like or corresponding to those of AaropeiKS) 300). 

Use of an oil sorption material In compositions or dosage forms according to the invention 
Is very advantageous for the pmparatlon of pharmacautic^K cosmetic, nutritional and/or 
food Gompositlons, wherein the composition comprises oil or an olly-llk© mstsrial* On© of 
20 ttte advantages Is that is it possible to incorporate a relattv@Iy larga amount of oil and oily- 
nice material and still have a material that Is solid. Thus, it to possible to prepare solM 
compositions with a relatively high load of on or oliy^lke materials by use of an on soiptlon 
material according to the invention. Wtthin the pharmaceutical field it Is an advantage to 
be able to Incorporate a relatively targe amount of an oil or an olly-like material In a soOd 
25 composition especially in those situation where the active substance does not have 
suitable properties with respect to water solubility (e.g. poor water solubiyty), stability In 
aqueous medium (I.e. degradation occurs in aqueous medium), oral bloavaiiabHity (ag. 
low t>loavallability} eta, or In those situatioris where it is desired to modify the release of 
an active substance from a oomposftlon In order to obtain a controlled, delayed, sustained 
X 30 and/or pulsed denvery of the active substance. Thus, In a specific embodiment it is used In 
the preparation of pharmaceutical oomposMons. 

The oil sorption material for use In the processing into solid compositions normally 
absorbs about 5% w/W or more, such as, e.g., about 10% w/W or mora, about 15% w/W or 
35 more, about 20% w/W or more, about 25% w/w or more, about 30% w/W or more, about 
35% W/W or nru>Fe, about 40% w/W or more, about 46% w/W or more, about SO w/W or 
more, about 55% w/W or mora, about 60% wAir or more, about 65% w/W or morB. about 
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70% w/W or more, about 75% wAv or more, about 80% wAv or more, about 85% w/W or 
more, about 80% wAv or more or about 95% wAiv or more of an oil or an oily material and 
Is still a solid material. 

5 An important aspect of the Invention Is oomposWons or solid dosage forms comprising an 
oil or an oily^lke material. 

Oil or olly-llte materlale 

In the present context th& term *'Oite and otly-tike materials'' is used in a very broad sense 
10 Including alls, waxes, semi-solid materials and materials that normally are used as 

solvents (such as organic solvents) or cxssolvents within the pharmaceutical Industry* and 

the term also includes therapeutically and/or prophylactically active substances that are In 

liquid form at ambient temperature: furthemnore the term Includes emulsions Pke e.g. 

mlcroemul^s and nanoemulsiona and suspensions. The oils and oUy^illce materials that 
IS can be absorbed will nonnally be liquid at ambient or elevated temperature (for practical 

reasons the max. temperature Is about 250 ''C). They may be hydrophllic. Upophllic, 

hydrophobic and/br amphlphlilc materials. 

The oils and olly^llk® material that ar© suitable for use In the present context ar^ 
20 substances or materials, which have a melting point of at least about 0 ""C and at the most 
about 250 ''C. 

In apadfic embodinrmnts of the fr)vention» the oil or oily-mcB material has a melting point of 
about 5 ''C or mors such as. e.g.. about 10 or morSt about 15 °C or more« about 20 ''C 
2S or more or about 25 ''C or more. 

In fkirther embodiments of the Invention, the oU or oily-like material has a melting point of 
at leest about 25 ''C such as, e.g.. at least about 30 at least about 35 *C or at least 
about 40 "C. For practical reasons, the melting point may nonmally not be too high, thus, 
^ 30 the oil or oIly-4il(enmterial normally has a melting point of at the most about 

as. e.g., at the most about 250 ^'C. at the most about 200 ''C. at the most about ISO **C or 
at the most about 100 if the melting point Is higher a relatively high temperature may 
promote e.g. oxidation or other kind of degradation of an active substance in those cases 
whena e.g. a therapeuticaDy and/or prophylactically active substance is Included. 

35 
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In the present context, the melting point is detennlned by DSC (DIfferentfail Scanning 
Calorlmetry). The melting point Is detennined as ttie temperature at which the nnear 
Increase of the DSC curve Intersects the temperature axis (see Rg. 2 for further details). 

5 Interesting oils or oily^Dke materials are generally substances. whIcSi ana used in the 
manufacture of pharmaoeutlcals as so-called melt binders or solid solvents On the form of 
solid dosage form), or as co-solvents or ingredients In pharmaceuticals for topical use. 

It may be hydrophlllc^ hydrophobic and/or have surf^ce^ctlve properties. In general 
1 0 hydrophilic and/or hydrophobic oils or olly-Uke materials are suitable for use In the 
manufacture of a pharmaceutical composition comprising a therapeuticafty and/or 
prophylactically active substance that has a relativeiy low aqueous solubility and/or when 
the release of the active sulTStance from the pharma<»utical compraitlon Is designed to be 
immediate or non-modified. Hydrophobto oil or oll^-llke materials, on the other hand, are 
1 S nomidliy used In the manufadura cf a modified release phannaceufical oompo^n. The 
above-given considerations are simplified to Illustrate general prlndplos, but ttiere are 
many cases where other comblnatfons of oHs or ony-49ce materials and other purposes are 
ralevam and, thersftore. the examples above should not in any way limit the invention. 

20 Typically, ai suitable hydrophilic oil or oily-Rke material is selected fronn the group 

consisting oft polyettier glycols such as. e.g,. polyethytene glycols, polypropylene glycols: 
polyoxyethylenes; polyoxyprapyienes; pobsxamens and mixtures thereof, or it may be 
selected from the group consisting of: xylitol, sorbitol, potassium sodium tartrate, sucrose 
triliehenate, glucose, rhamnose. tadltol. behenic acid» hydroquinon monomethyl ether, 

25 sodium acetate, ethyl fumarate, myrtstic acid, dtric add. Geludre 60/1 3. other Oelucine 
types sudi as, e.g.. Oeludre 44/14 etc., Geludre 50/10. Geludre 62/05. Sucro-ester 7. 
Sucro-ester 11, Sucro-ester 15. maltose, mannitol and mixtures thereof. 

A suitable hydrophobic oil or olly-iike material may be selected from the group consisting 
. 30 oft straight chain satursted hydrocaiDons. sorbitan esters, parafRns; fats and oils such as 
e-g„ cacao butter, beef tallow, lard, polyether glycol esters; hteher fatty add such as. 6.g. 
stearic add. myristic add, palmitic add. higher alcohols such as, e.g.. cetanol. stearyl 
alcohol, low melting point waxes such as, e.g.. glyceryl monostearate. glyceryl 
monoolaate. hydnogenated tallow, myrfstyl alcohol, stearyl alcohol, substituted and/or 
35 unsubstituted monoglycerides. substituted and/or unsubsfituted digiyoerides, substituted 
and/or unsutsstttuted triglyoerides. yellow beeswax, white beeswax, camauba wax, castor 



21/01 2004 ONS 14:42 PAZ +45 33670071 ALBIHNS A/S 



@02e/g 



P10779 DK 27 

wax, Japan wax. acetylate monoglycerldes; NVP polymers. PVP polymers, aaylie 
polymeis. or a mixtura thereof. 

Jn an InteneeMng embodiment, the oil or oHy-lIke mateilal is a polyett^Iena glycol having an 
5 average molecular weight in a range of from atwut 400 to about 36,000 such as. e.g., 
from about 800 to about 35,000. from about 1 ,000 to about 35.000 su^ as, e.g., 
polyethytene gfyco! 1.000, pdyathylene glycol 2.000. polyethylene glycol 3.000, 
polyethylene glycol 4,000. polyethylene glycol 5,000. polyethylene glycol 6000. 
polyethylene glycol 7.000, polyethytene glycol 8.000. polyethylene glycol 9.000 
10 polyethylene glycol 1 0,000, polyethylene glycol 1 5.000, polyethylene glycol 20,000, or 
polyethylene glycol 35,000. In certain situatlona polyethylene glycol may be emph^d v4th 
a molecular weight from about 35.000 to about 100.000. 

In another interesting embodtirant, the oil or dly^ito material is polyethylene oxide ha\^ng 
IS a mt^ocular weight of from about 2.000 to about 7.000.000 such as, e.g. from about 2.000 
to about 100.000, from about 5.000 to about 75,000, ftom about 10.000 to about 60.000. 
from about 15,000 to about 50,000. from about 20.000 to about 40.000. fmm about 
100.000 to about 7,000,000 such as, ©.g,, from about 100,000 to about 1,000.000. from 
about 100,000 to about 6Q0,0(K), from about 100,000 to about 400.000 or from about 
20 100,000 to about 300,000. 

In another embodiment, the oil orony4ike matwial Is a pdoxamer such as, e.g. Poloxamer 
188, Poloxamer 237, Poloxamer 338 or Polymer 407 or other biocic copolymers of 
ethylene oodde and propylene oxide awih as the Pluronic® and/or TetronloS series. 
25 Suitable block copolymers of the Plun»iibi8> series Include polymers having a molecular 
weight of about 3,000 or more such as, e.g. firom about 4,000 to about 20,000 and/or a 
vlsoosi^ (Brookfield) from about 200 to about 4.000 cps such as, ag., from about 250 to 
about 3,000 cps. Suitable examples Include Pluronio® F38, P65, P68LF. P7S, F77. P84. 
P85. F87, F88, F08, P103. P104. Pi05. F108, P123, F123. F127, 10R8, 17R8. 25R5. 
• 30 25R8 etc. Suttabie Mock cepolymere of the Tetronlo(8> series inctude polymers ha>^ng a 
molecular weight of alMut 8.000 or more such as, e.g.. ft-om about 9,000 to about 35,000 
and/or a vfaaasify (Brookneld) of from about 500 to about 45.000 <^ such as. e.g.. from 
about 800 to about 40.000. The viscosities given above are deteimmed at 60 "C for 
substances that are pastes at room temperature and at 77 'C for substances that are 
35 solids at room temperature. 
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The on or oily-IIke material may also bo a oorbitan ester such as, e.g., sorUtan di- 
Isostaarate, soitltan dloleata. sorblten monolaurate» sorbitan monoteostearate. sorbltan 
monooleate, sorbitan monopalmltate. scvbitan monostearate, sorbitan sesqui-lsostearate, 
sorbitan sesquioleate, sorbitan sesqulstearate. sorbitan trHsostearate, sorbftan triolaate, 
5 sorbitan tristearate or mixtures thereof. 

The oil or oiiy^lHce materbl may of course comprise a mixture of different oils or oliy-Gke 
materials such as. e.g.» a mbctura of hydrophlllc and/or hydrophobic materials. 

10 Other suitable oils or oily-like materials may be solvents or seml-soKd exdplents like, e.g. 
propylene glycol, poli^lyoollsed glycerides Including Gelucire 44/14, complex fatty 
materials of plant origin Including theobroma oil. camauba wax, vegetable oDs Dke e.g. 
almond oil, cooonut oH, com oil, cottonseed oil, sesame on, soya oil. olive oil, castor oil, 
palm kernels oil, peanut oil, rape oil, grape seed on eta, hydrcgenated vegetable oils such 

1 S as, e,g. hydrogenated peanut oil, hydrc^enated palm kernels oil, hydrogenated 

cottonseed oil, hydrogenated soya oil, hydrogenated castor oil, hydrogenated coconut oil; 
nature fiatty materials of animal origin Including beeswax, lanolin, fatty alcohols Including 
ceiyl. steeryl. lauric, myristlc. palmitic, stearic fatty aioohols; esters including glycerol 
stearat©, glycol stear^e. ethyl deal©, isopropyl myristate; liquid Interesterlfied semi- 

20 synthetic glycerides Including MIglycol 810/812; amide or fatty acid alcolamides Including 
stearamlde elhanoi, diethanolamlde of fatly coconut adds, acetto acid esters of mono and 
di-glycerides. citric add esters of mono and di-giyeerldes, lectio add esters of mono and 
diglycerides. mono end dKglycerfdes, pofy-glyoerol esters of fatty adds, poly'^lycerol poly- 
ricinoleate. propylene glycol esters of fat^ adds, sorblten monostearates. sorbitan 

25 trfstearetes, sodium stearoyl ladylates. catdum stearoyi lactylates, dlaoelyi tertaric acid 
esters of mono and di-giycerides etc 

Normally, a phamnaoeutlcal oontposltlon or a solid dosage form according to the invention 
has a oonoentretlon of the oil or oliy-like material In the composition of about 5% wAv or 

30 more sudi as, e.g., about 10% w/W or more, about 15% w/W or more, about 20% w/W or 
more, about 26% w/w or more, about 30% wM or more, about 36% w/W or more, about 
40% wAv or nf>ore, atiout 45% wAv or more, about 50 wAat or more* about 66% w/w or 
mors, about 60% wAv or more, atsout 65% wAw or mora, about 70% wAv or more, about 
75% wA« or more, about 80% wAw or nwre, about 85% w/w or more, about 90% wAw or 

35 more or about 95% wAv or more. 
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In spedflo embodiments the concentration of the oil or oily-lrke materiai in a composition 
or 8oOd dosage fonm of the Invention Is in a range from about 20% to about 80% w/w euch 
as, e.g.. from about 25% to about 75% w/w. 

5 One of the acl>»ntag6S is that is it possible to incorporate a relatively large amount of oil 
and oily^e nnatertal and still have a material that Is solid. Thus, It Is possible to prepare 
solid compositions with a relatively high load of oil or oUy-IIke materials by use of an dl 
sorption material according to the Invention. Within the pharmaceutical field It is an 
advantage to be able to Incorporate a relatively large amount of an oH or an olly-like 

10 material In a solid composition especially In those situation where the active substance 
does not have suitable properties vrfth respect to water solubility {e,g, poor water 
solubOity), stability In aqueous medium Cue. degradation occurs In aqueous nrtedium), oral 
bloavaildUli^ (e.g. low bioavailability) etc. or in those situations where It is desired to 
nrtodify the release of an activa substance from a composition In order to obtain a 

15 controlled, delayed, sustained and/or pulsed delivery of the active substance. 

A further advantage Is that the particulate material obiHined is a free-flowing powder and 
therefor© nsadlly processable Into e.g, solid dosage forms such as tablets, capsules or 
sachetgf. Normally, th® particulate material ha© properties that ans suitable In order to 
20 manufacture tablets tiy direct compression without addition of large amounts of further 
additives. A suitable test for testing the flov^bility of the particulate material Is the method 
described in Ph.Eur and measuring the flow rate of the materiai out of a funnel udth a 
nozzle (orifice) diamater of 10.0 mm. 

25 In an Important embodiment of the Invention, at least a part of tacrolimus and/or an 
analogue thereof is present in the composition In tiie form of a solid solution including a 
molecular dispersion and a solid dispersion. Nonnally. 10% or more such as, e.g., 20% or 
more, 30% or more, 40% or more, S0% or more, 60% or more, 70% or more, B0% or 
mora, 00% or nrwre such as, e.g.. 85% or more or about 100% w/W of tacrolimus and/or 
. 30 an analogue thereof Is present in the compositton In the former a solid dispersto^^ 

A solid dispersion may be obtained in different ways e^g. by employing organic solvents or 
by dispersing or dissolving tiie active substance in another suitable medium (e.g. an oil or 
an oily-iike materiai that is In liquid form at room temperature or at elevated temperatures). 
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Description of a solid dispersion based on organic solvents 
Solid dispersions (solvent method) are prepared by dissolving a physical mixture of the 
active substance (e.g. a dnig substance) and the carrier In a common organic solvent. 
5 followed by evaporatibn of the sohrant The canfer Is often a hydrophlllc polymer. Suitable 
organic sohrenfs induda phannaceutical acceptable solvent in whtoh the active substance 
Is soluble such as methanol, elhanol, methylene chloride, chlorotenm. ethytacetate. 
acetone or mbdures thereof. 

10 Suitable water soluble carriers Indude polymers such as polyethylene glycol, poloxamers, 
polyo;q^thylene stearetes, poly -e-caprolactone, polyvlnylpynolidone (PVP), 
polyvlnylpyrrolldone-polyvinytacetate copolymer PVP-PVA (Koflldon VA64), poly^ 
methacrylio polymers (Eudraglt RS. Eudragit RL. Eudragit NE, Eudragit E) and polyvinyl 
alcohol <PVA). iiydrmqrprapyl cellulose (HPCX hydrwQ^pyi meth^ eellutosa (HPMC), 

IS methyl cellulose, and poty(ethylene oxide) (PEO). 

Polymers containing acidic functional groups may be suitable for solid dispersions, which 
release the a^ve substance in a preferred pH rsng© providing acceptable absorptlen in 
the inteetinee. Sut^ polymers may be one or® more selected from the group ajmprising 

20 hydrooQ/propyl methj^cellulose phtalate ^i^^CP), polyvinyl acetate phtaiate (PVAP). 
hydrmcypropylmethyloellulose acetate succinate (HPMCA8). alginate, cartoomar, 
carboxymethytcefluiose. meOiacryBc add copolymer (Ewfa^glt L, Eudragit S), shellac, 
cellulose aoetate phthalate (CAP), starch glycolate, polacryfln. methyl cellulose acetate 
phtaiate. hydnnQrpropyuicellulose acetate phthalate, cellulose acetate terephtahalate, 

25 cellulose acetate Isophthalate and cellulose aceiate trimeliltate. 

In relations to amounts of ttia adive substance and the polymer in the solid dispersion, ttie 
we^ht ratio of active substance to polymer nwy be In a range of Ikom ebout 3:1 to about 
1:20. However, narrower ranger of from about 3:1 to about 1:5. such as. e.g., Imm about 
. 30 1:1 to about 1:3 or about may also be used. 

The solid dispersion is preferably fomied by spray drying techniques, controlled 
agglomeration. fUeew-drylng or coating on carrier partldes or any other solvent removal 
process. The dried product contains the active substance present in the form of a solid 
35 dlspeislon Induding a molecular dispersion and e solid solution. 
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As an alternative to the use of organic solvents the drug and polymer may be co-grf nded 
or extruded at elevated temperatures (melt extrusion). 

The pharmaceutical compositions comprising tacrolimus at least partly In form of a solid 
S dispersion or solution may in principle be prepared using any suitable pruoedure for 
preparing phamnaceutteal compositions known vMhIn the art 

Apart from Ming the organic solvent based method, solid dispersion or solid solutions of 
tacrolimus and/or an analogue thereof may be obtained by dispersing and/or dissolving 
10 tacrolimus in the carrier composition used in the controlled agglomeration mettiod. 
Stabilizing agents etc may be added in order to ensure the stability of ttie solid 
dispersion/solution. 

in anottier aspect, the Invention relates to a method for the preparation of a 
IS phanmaceuficdl composition acooniing to the Invention. In genorel, any suitable method 
within the pharmaceutical field may be employed. However, in order to enable 
Incorporation of a ralativeiy high amount of an oil or an oily-iike material especially the 
mettiod described in WO 03/004001 (by tiie same Inventors} has proved satis^ctory. 
Oetaile concerning the method ars given In the above-identified publication, v^ich is 
20 hereby incorporated by reference as wall as in Uie Examples herein, in short the 

invention provide a process for preparing a particutate pharmaoauHcal materiel oomprleing 
tacrolimus and/or an analogue tftereof which method comprises epraying a first 
oompoelUon In liquid form, said composition comprising a carrier and ha^4ng a melting 
point greater than 5°C onto a second composition comprising a support, said second 
25 composition e.g. being in ttie fluldised state end having a temperature less titan me 

melting point of ttte carrier, in prfndple the active substance may be presertt In the carrier 
composition and/or In the second composition. However. In those oases where taoroiimus 
and^or an analogue thereof should be present in the composition at least partly as a solid 
dispersion, it Is advantageous to incorporate or dissolve tacrolimus end/or an analogue 
. 30 thereof in the carrier composition. 

Solid dosage forms 

A pharmaceutical composition according to tiie invention Is in particulate fomi and may be 
employed as such. However, in many cases it Is more convenient to present the 
3S composition in the form of granules, pallets, mlcnospherBs, nanoparticles and the like or in 
the fonm of soBd dosage forms Including tablete, capsules and sa^ets end the like. 
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A solid dosage form according to ttie invention may be a single unit dosage form or It may 
m the fomi of a polydepot dosage form contain a multlpllclfy of individual units such as. 
ag.. pellets, beads and/or granules. 

S Normelly. a phamiaceutical composition or a solid dosage form of the invention Is 
intended for adndnlstraOon via the oral, buccal or sublingual administration route. 

The invention also relates to tlie above-mentioned presentation form. Within the scope of 
the invention are compositions/solid dosage fomns that are intended to release tacrolimus 
1 0 and/or an analogue thereof in a fast release, a delayed release or modified release 
manner All of these manners ere considered to be a controlled manner. Further, a pH 
dependants release is also covered by the term "controlled manner. 

A solid dosage fonrn according to the prasent invention comprises a pharmaceutical 
1 S composition in particulate fbmri as described above. The details and particulars disdosed 
under this main aspect of the invention apply mutatis mutandis to the other aspects of the 
Invention. Aooordlngly. the properties with respect to Increase In bioavailability, changes In 
bioavallabltl^ parameters, rsduction in adverse food effect as well @@ release of 
tacrolimus and/or an analogue thersof etc dascribed and/or claimed herein for 
20 phamnaoeutlcal compositions in particulate form are analogues for a solid dc^ge fomn 
according to the present invention. 

Normally, the concentration of the pharmaceutical composition In particulate fonm is fn a 
range of from about 5 to 100% w/w such as, e-g., from about 10% to about 90% w/w. from 
25 about 15% to about 85% v/Aw, from about 20% to about 80% wAv. from about 25% to 
abcHJt 80% wAv, from about 30% to about 80% wAw, from about 35% to about 80% w/W, 
from about 40% to about 7S% wfw. ftom about 45% to about 75% wAv or from about 50% 
to about 70% wAfir of the dosage fomi. In an embodiment of the Invention, the 
concentration of the pharmaceutical composition in particulate form is 60% wAv or more of 
, 30 the dosage form. 

A solid dosage fonm according to the invention is obtained by processing the particulate 
material according to the Invention by means of techniques well-known to a person skilled 
in the art. Nomnalty, It Involves further addition of one or more of the pharmaceuticdily 
35 acceptable exdpients mentioned her^. 
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The composition or soBd dosage form according to the invention may be designed to 
release tacrolimus and/or an analogue thereof In any suitable manner provided that the 
Increase in bioavailability (s present TTius« the active sutsstance may be released 
relatively fast In order to obtain an enhanced on-set of adion, it nnay be released so as to 
5 follow zero or first order Idneflcs or it may be released In a modified manner In order to 
obtain a predetemnlned pattern of release. All of these ways are considered controlled 
manners. Rafri formulations are also within the scope of the present invenfion. 

The recommended dosage range for Prograf® is 0.1 to 0.2 mg/lcg/day given every 12 
10 hours In two divided doses. IWore Importantly the blood levels has to be monitored. 

The typical level tor 1 - 3 months Is 7 -20 ng/mL and 4-12 months the levels should be 
5-16 ng/rfiL. This b only guiding values and may vary ftom types of transplant and 
■Yace-. 



IS 1^6 foJiowfng Is tor Kidney transplant patients. 
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The expected dosage recommendaUon for products of the present Invention will be from 
0.02 mg/lcg/day to 0.15 mg/kg/day. dosed once a dey. 



20 The composition or solid dosage tonn according to the invention may also be codted with 
a film coating, an enterfc ooating» a modified release coating, a protective costing, an anti- 
adhesive coating etc. 

A solid dosage form according to the invention may also be coated in order to obtain 
2S suitable properties e.g. ^tti respect to controlled release of the active eubstanco. The 
coating may be applied on single unit dosage fomis (e.g. tablets, capsules) or It may be 
applied on a polydepot dosage fomn or on its Individual unite. 

Suitable coating materials are e.g. methyloeilulose. hydro^qfpiopylmethylceliulose, 
30 hydro^propylceiluiosB, aciyllc polymers, etti^cellulose, cellulose acetate phthalate, 
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pol)Mnyl acetate phthalate, hydroxypropyl methylcellulose phthalate, polyvini^alcohol, 
sodium carbo>^ethyicelluIo$8« cellulose acetate, cellulose ecetate phthalate, gelatin, 
mettiacfyllc acid copolymer, polyethylene glycol, shellac^ sucrose, titenlum dioxide, 
camauba wax, mlcrocrystalllne wax, glyceryl monostearate, zeln. 

5 

Plasticlzers and other Ingredients mey be added in the coating material The same or 
diffefent acOva substance may also be added in the coating material. 

In the following is given a more detailed description of interesting embodiments of the 
1 0 invention. I.e. embodiments whers^ the solid dosage forms are designed to release 
tacrolimus and/or an analogue thereof in a controlled manner. In the present context, the 
temi "controlled manner'* Is intended io include all types of release which differ from the 
release obtained firom plain tablets. Thus, the term includes ao-celied "controHed release", 
"modified release", "sustained ralease", "pulsed release", "prolonged release", burst 
1 S ralease", "slow released "extended rslease", as well as the terms "delayed rdease" and 
pH dependant release . l-iowever, a specific aspect of the invention relates to a delayed 
release composition or dosage form, which in this context is intended to denote a 
composition or dosage form that at the most releases 10% w/w of the active substance 
vm\}n m© first 2 hours after admlnlstngitlon and/or after etart of a dissolution test employing 
20 a dissolution medium ha^ng at pH of at the most about 3. 

Types of modffled reteaee systems 

A first class includes matrix systems, in vAiich tacrolimus is embedded or dispensed in a 
matrfx of another material that senses to retard the release of tacrolimus irtto an aqueous 
25 environment (l-e., the luminal fluid of the 01 tract). When tacrolimus is dispersed in a 
matrix of this sort, release of the drug talces place prindpadly from the surfiace of ttie 
matrix. Thus the drug is released from the surface of a device, which incorporates the 
matrix after it diffuses through the matrix or when the surface of the device erodes, 
exposing the drug, in some embodiments, both mechanisms can operate simultaneously. 
* 30 The matrix ayslems may be large, l.e., tablet si^ (about 1 cm), or small (< 0-3cm). The 
system may be unitary (e.g., a bolus), may be dMded by virtue of being composed of 
several sub-units (for example, several capsules which constitute a single dose) which are 
administered aubstantlally simultaneously, or may comprise a plurality of particles, also 
denoted a multiparticulate. A multiparticulate can have numerous formulation applications. 
35 For example, a muKIparttcuiate may be used as a powder for ftUing a capsule shell, or 
used per se for mbdng with food to ease the intake. 
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In a dpecifte ambodlment, a matrix multiparticutatei comprfses a pIuralHy of tacrollmus- 
* containing partldes, each pardda comprising tacrolimus and/or an analogue thereof e.g. 
In the fomfi of a soBd soIutlon/dlsperslon with one or more exdpients selected to form a 
matrix capable of controlling the dissolution rate of the tacrolimus Into an aqueous 
S medium. The matrix materials useful for this embodiment are generalty hydrophobic 
materials sua as waxes, some cellulose derivatives, or other hydrophobic polymers, ff 
needed, the nnatrix materials may optionally be fonnulated with hydrophobic matartals. 
which can be used as binders or as enhancers. Matrix materials usefUl for the 
manufacture of these dosage forms such as: ethylcellulose, waxes sudi as paraffin. 

10 modlRed vegetable oils, camauba wax, hydrogenated castor oil, beeswax, and the like, as 
well as synthetic polymers sudi as poly(vinyl chloride). poly(vlnyi aoetate)^ copolymens of 
vinyl acetate and ethylene, polystyrene, and the like. Water soluble or hydrophlllc binders 
or release modifying agents whteh can optionally be fonnulated Into the matrix Induda 
hydrophllic polymers such as hydro)vpiopyl cellulose (HPC). hydroxypiopyl methyl 

15 cellulose (HPMC). methyl oellutose. poly (N.vlny|.2.pyrrolldlnone) (PVP), poiy(ethylene 
oxide) (PEO). poly(vinyi alcohol) (PVA), xanOian gum. canageenan. and other such 
natural and esthetic materials. In addition, materials, which function as release-modifying 
agents indude water-soluble materials such as suga^ or salts. Pref@rr®d watar«soluble 
materials include laciose. sucrose, glucose, and mannitoi, a$ well ae hydrophillic polymers 

20 like e.g. HPC. HPMC. and PVP. 

In a epedfic embodiment, a muKlparBculata product is defined as being processed by 
controlled agglomeration. In this case tacrolimus Is dissolved or partly dissolved In a 
suitable meltable carrier and sprayed on canler particles comprising the matrix substance. 
25 Suitable meltable canlers are mentioned previously henain. 

Alternatively, taCToIimus is dissolved In an organic solvent together with the matrix 
substance and spray dried or applied to carrier partldes 

Solvents ^ically (employed for the process Indude acetone, ethanol, boprcspanol, ethyl 
^ 30 acetate, and mbctures of two or more {for further detelte reference Is given to the 
paragraphs under the heading Descrlpfion of a solid dispersion based on organic 
solvents). 

Onoe fonmed. teooHmus matrix multiparticulates may be blended vWth compressible 
3S exdpients such as lactose, mlcrocrystalline cellulose, dicaldum phosphate, and the like 
and the blend compressed to form a tablet Oislntegrants such as sodium starch glyoolate 
or CTDssIInked poly(vinyl pyrrdidone) ana also usefuBy employed. Tablets prepared by this 
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method disintegrate when placed in an aqueous medium {such as the Gl tract), ttiereby 
exposing the mulUparticulate matrix* which releases tacrolimus thereftom. 

A ftirther embodiment of a matrix system has the fomi of a hydrophlilc matrix tablet 
S containing tacrolimus and/or an analc^ue thereof (e.g. in the form of a solid dispersion} as 
a mulHparticulste product and an amount of hydrophllic polymer atiffident to provide a 
useful degree of control over the tacrolimus dissolution. Hydrophllic polymere useful for 
forming the matrix include hydroxypropylmethyl cellulose (HPMC), hydro)wropyl cellulose 
(HPC), poly (ethylene oxide). poIy(vlnyl alcohol), xanthan gum. carbomer. carrageenan, 

10 and zooglan, A preferrsd material is HPMC, Other similar hydrophllic polymers may also 
be employed. In use, the hydrophllic material Is swollen by, and eventually dissolves In, 
water. The tacroDmus is released both by diffusion from the matrix and by erosion of the 
matrix. The tacrolimus dissolution rate of these hydrophiiio matrix tablets may be 
controlied by the amount, moleoilar weight and gel strengths of tfie hydrophlilc polymer 

IS employed. In general, using a greater amount of the hydropHIic polymer decreases tlie 
dissolution rata, as does using a higher molecular weight polymer. Using a lower 
molecular weight polymer normally incrsases the dissoJutton rate. A matrix tablet typically 
comprises about 20 to 90% by weight of tacrolimus and ebout 80 to 10% by weight of 
polymer. 

20 

A preferred matrix tablet comprises, by weight about 30% to about 80% solid dispersion 
oomarntng tacrolimus and/or en analogue thereof about 15% to about 39% matrix former 
(such as. o.g., HPMC), 0% to about 35% lactose, 0% to about 20% microcrystalline 
oenulose, and about 0.25% to about 2% lubricant (such as. e.g.. magnesium stearate)* 

25 

The matrix systems as a dass often exhibit non-constant release of the drug from the 
matrix. This result may be a consequence of the diffusive mechanism of drug release, and 
modifications to the geometry of the dosage fbim can be used with advantage to make the 
release rate of the drug mors constant 

. 30 

A second dass of tacrollnnus oontrolled-ralease dosage forms of this Invention indudes 
membrane-moderated or reservoir $ystems. in this dass, a reservoir of tacrolimus e.g. in 
a solid solution / dispersion as a multiparticulate product Is surrounded by a rate-llmlting 
membrana The tacrolimus traverses the membrane by mass transport mechanisms well 
3S known in the art, Induding but not limited to dissolution in the membrane followed by 
diffusion across the menrArane or diffusion through ilquid-fllled pores vrithin the 
membrane. These Individual reservoir system dosage forms may be large, as in the case 
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Of a tablet containing a single large reservoir, or multipartiajiata. as In the case of a 
capsule or poly-depot tablets containing a plurality of resorvolr partictes, ea<*i individually 
coated wJth a membrane. The coating can be non-porous, yet pemneabi© to tacroltmi^ 
(Itor example tacrolimus may dtffuse directly through the membrane), or It may be porous. 
5 As with other embodiments of tfits Invention, the particular mechanism of transport Is not 
beBeved to be critical. 

Sustained release coatings as known In the ^ may be employed to fabricate the 
membrane, especially polymer coatings, such as a cellulose ester or ether, an acrylic 
10 polymer, or a mbcture of polymers. Preferred materials Include ethyl cellulose, cellulose 
acelato and cetlulose acetate butyrate. The polymer may be applied as a solution In an 
organic solvent or as an aqueous dispersion or latax. The coating operation may be 
conducted In standard equipment such as a fluid bed coater, a Wurster ooater, or a rotary 
fluid bed ooater 

15 

If desired, the permoablJity of the coating may be adjusted by blending of two or mora 
materials, A partlojlarly useful process for tailoring the porosfly of the coating comprises 
adding a pre-detennlned amountof a flnely-divided water-soluble material, such as sugar© 
or ealte or water-soluble polymers to s solution or dispersion (©.g., an aqueous laten) of 
20 tfie membran&-fomilng polymer to be used. When ttie dosage form Is Ingested Into the 
aqueous medium of the Q\ tract, these water soluble membrane additives are leached out 
of the membrane, lea^ng pores which fedlitate release of the drug. The membrane 
coating can also be modified by the addlfion of plasOdzers, as known In the art. 

25 A particularly useful variation of the process for applying a membrane coating oomprises 
dissolving the coating polymer In a mixture of solvents chosen such that as the coating 
drfes, a phase inversion taices place In the applied coating solution, resulting in a 
membrane with a porous structure. 

. 30 In general, a support for mechanically strengthening the membrane Is not rsquirad. 

The morphology of the membrane Is not of critical importance so long as the permeability 
charactertstios enumerated herein are met The membrane can be amorphous or 
crystalline, it can have any category of morphology produced by any particular process 
35 and can be, for example, an interfedany-polymerized membrane (which comprises a thin 
rate-limiting sidn on a porous support), a porous hydrophilic membrane, a porous 
hydrophobic menribrane. a hydrogel membrane, an ionic membrane, and other such 
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materials which are charaeterlzed by controlled penmeabHity to tacrobnus. 

In one embodiment of the invention it is an aim to reduce the exposure of the upper Gl 
tract to high concentrations of tacronmus. Accordingly, suitable dosage fomis Includes 
5 those fomis. which incorporate a specific delay before the onset of controlled release of 
tacrolimus. An exemplary embodiment can be illustrated by a tablet (or a particulale 
nnaterial) comprfsing a oone containing tacrolimus coated with a first coating of a polymeric 
materfai of the type useful for sustained release of tacrolimus and a second coating of the 
type useful for delaying ralease of dmgs v^en the dosaga form Is Ingested. The first 
10 coating Is applied over and sunounds the tablet or individual parfidss. The second coating 
Is appUad over and surrounds tha first coating, 

A tablet can be preparsd by techniQues weB known In the art and contains a 
therapeutlcaiiy useful amount of tacrolimus plus such exdplents as are neoesraiy to fbnm 
15 the tablet by sudi tediniques. 

The first coating may be a sustained release coating as known In the art, espedally 
polymer coatings, to fabricate th© membrane, as previously discussed for reservoir 
systems, or It could b© a oon&olled release matriK core, which are coated m second time 
20 with a debyad release material. 

Materials useful for preparing the second coating m the tablet indude polymers known In 
the art as enteric coatings for delayedHrelease of pharmaoeuUcaie- These most oonunonly 
are pH-senslt|ve materials such as csUuIose acetate phthalate. cellulose acetate 
25 WmelBtete. hydroxypropyl methyl ceflulose phthalate, poly (vinyl eoetate phthalata). and 
acrylic copolymers such as Eudragit L-100 (ROhm Phanna) and related materials, as 
more fully detaHed below under "Delayed Release". The thickness of the delayed-release 
coating Is acQusted to give the desired delay property. In general, thicker coatings are 
more resistant to erosion and, oonsequenfly, yield a longer and more effective delay. 
* 30 Prsfemad coatings range from about 30 In thickness to about 3 mm In thickness. 
With a hydrophobic matrix material like Gtyceryl monosteanate, no delay ooating Is 
necessary. The tablet will only start to release tacrolimus when It reaches an area of 
en^^atic degradation, more specifically after the duodenum. 

35 When Ingested, the twice-coated tablet passes through the stomach, where the second 
coating prevents release of the tacrolimus under the addle conditions prevalent there. 
When the tablet passes out of the stonnadi and Into the small Intestine, where the pH Is 
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h!gher, the second coating erodes or dissolves according to the physlcochefnical 
properties of the chosen material. Upon erosion or dissolution of the second coating, the 
first coating prevents immediate or rapid release of the tacrolimus and modulates the 
release so as to prevent the production of high peak ooncentratlons. thereby minimizing 
5 side-effects. 

A further preferred embodiment comprises a multiparticulate wherein each particle is dual 
coated as described above for tablets, first with a polymer designed to yield sustained 
release of the tacrolimus and ttten coated with a polymer designed to delay onset of 
10 release In the environment of ttie Gl tract when the dosage form is ingested. 

The rate of tacrolimus release from the sustatned-release-coatod multiparticulates O-o.. 
tile multiparticulates before ttiey receive the delayed-release coating) and methods of 
modifying the coating are also controlled by the factors previously discussed for reservoir 
1 5 system tacrolimus multiparticulates. 

The second membrane or coating for dual coated muiOpartleulates is a delayed-release 
coating which Is applied over this first sustalned-i^lease coating, as disclosed above for 
tablets, and may be formed from the earn® mat&rlais. It should b® noted that th@ use of the 
20 so-called "enterltf* materials to practice tills embodiment differs signlflcantiy from their use 
to produce conventional enterfc dosage fomis. With conventional enteric forms, tiie object 
is to dalfiqr release of the drug until tiie dosage form has passed ttie stomal and then to 
deliver the dose in the duodenum. Dosing of tacrolimus diredly and completely to the 
duodenum may be undesirable, however, due to ttie side effeds sought to be minimized 
25 or avoided by this invention. Therefore, if conventional enteric polymers are to be urad to 
pracUra this embodiment, it may be necessary to apply them signlflcanHy more thickly 
tiian In conventional practice, in order to delay dmg release until tiie dosage form reaches 
the lower OI tract. However, It Is also possible to effect a sustained or controlled delivery 
of tacrolimus after flie delayedralease coating has dissolved or eroded, therefore the 
' 30 benefits of this embodiment mcv be realized with a proper oomblnation of deiayed-relaase 
character witti sustained-release character, and ttie delayed-release part alone may or 
may not necessarily confomn to USP enteric criteria The thickness of the delayed-release 
coating is adjusted to give the desired delay property. In general, Oilcker coatings are 
more resistant to erosion and, consequentiy. yield a longer delay. 

. 35 

A first delayed release embodiment according to the invention is a "pH-dependent coated 
dosage fbmi" such as* e.g., a tablet or a capsule. In tiie case of a tablet it comprises a 
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tablet core compdslng tacrolimus e.g. in a solid solutton/dispefsfon as a multiparticulate 
product, a controlled release matrix of e.g. HPMC, a dlslntegrant, a fubricant. and one or 
more phamnaceutical canfers, such core being coated with a material, preferably a 
polymer, which is substantially bisoluble and Impermeable at flie pH of the stomach, and 
5 which Is more sofuble and permeable at the pH of the small intestine. Praferably. the 
coating polymer to substanfially freolubie and ImpenneeAle at pH <S.O, and water^oluble 
at pH>S.O. The tablet core may be.coated with an amount of polymer sufHdent to assure 
that substantially no release of tacrolimus from the dosage fonn occurs unfil the dosage 
form has exitBd the stomach and has resided In the small Intestfne fbr about 15 minutes or 

1 0 greater, preferably about 30 minutes or greater, thus assuring that minimal tacrolimus is 
released In the duodenum. Mixtures of a pH-sensitive polymer with a water-Insoluble 
poiymer may also be employed. Tablets are coated with an amount of polymer comprising 
1^ about 10% to about 60% of the weight of the tamnmus-contalning tablet core. 
Prtferred tablets are coated with an amount of polymer comprising about 16% to about 

IS 50% of the weight of the tacrolimus tablet cor^ 

pH-sensltive polymers which are very insoluble and impenneable at the pH of the 
stomach, but which are more soluble and permeable at the pH of the sntall intestine end 
colon Include polyaorylamld@s. phthalate dertvatlvas such se add phthalates of 

20 carbohydrates, amylose acetatB phthalate, cellulose acatato phthalate. oBier celluiose 
aster phthalates. cellulbse ether phthalates, hydroxypropylceilulose phthalate. 
hydrmo^propylethytoeilutose phthaiale, hydroKypropylmethyiceilulose phthalate. 
methylceliulose phthabto, polyvinyl acetate phthalate, poiy>^ acetate hydrogen 
phthalate, sodium oeliutose acetate phttialate, sterch add phthalate. styrene-maitic add 

25 dibutyl phthalate copolymer, styrene-maleic add poiyvlnylacetete phthalate copolymer, 
styrene and maleic add copolymers, poIyacryBc add derivaflvos such as acrylic add and 
aoync ester copoiymere, pdymethacryne add and esters thereof, poly acrync methacryllc 
add copoiymers. sheHae, and vinyl acetate and crotonic acid copoiymere. 

. 30 Prsffen^pH-sensitivepolymcM^&idude Shellac} phthatete derivatives, particuiariy 

cellulose acetete phthalate. potyvlnylaoetete phthalate, and hydroj^propybnethylceliulose 
phthalate: polyacryiic add derivatives, particulariy polymethyl methacrylate blended with 
acrylic add and aciylio ester copolymers; and vinyl acetate and crotonic add cppolymere. 

35 The delay tfrne before release of tecrollmus, after the -pH-depehdent coated tablet" 

dosage fbrni has exited the stomach, may be controlled by choice of the relative amounte 
of Eudregit«L® and Eudragit-S® in the coating, and by choice of the coating thldcness. 
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Eudragft-L® films dissolve above pH 6.0. and Eudragit-S® films dissolve above 7.0, and 
mixtures dissolve at Intemnedlate pKTs. Since the pH of the duodenum is approximately 
6.0 and the pH of the €X>Ion is appro)dmately 7.0, coatings composed of mfxhjres of 
Eudraglt-L® and Eudraglt-S® provide protection of the duodenum from taoDllmus. If it is 
5 desired to delay release of tacrolimus until the tacrollmus-contalning *'pH-dependent 
coated tablef has reached the colon, Eudrsgit-S® may be used as the coating material, 
as described by Dew et al. (Br. J. Clin. Phamiac 14 (1982) 405-408). In order to delay 
the release of tacrolimus for about 15 minutes or more, preferably 30 minutes or more, 
after the dosage form has exited the stomach, prsfenred coatings comprise from about 9:1 
10 to about 1 :9 Eudragtt-L® /Eudragit-S®. more preferably firom about 9:1 to about 1 :4 

Eudraglt-L® /Eudraglt-S®. The coating may comprise from about 3% to about 70% of the 
weight of the uncoated tablet core. Preferably, the coating comprises from ebout 5% to 
about 50% of the weight of the tablet core. 

1 S The invention is further Illustrated in the following examples without limiting it thereto. 
Methods 

OeSenminstlon c^f weighs variatiosi 
20 The tablets prepared in the Examples herein were subject to a test for weight variation 
perfbmned In accordance vdfh Ph. Eur. 

Determination cf average tablet hardness 

The tablets prepared In the Examples herein were subject to at test for tablet hardness 
25 employing Schieunlger Model 6D apparatus and performed in accordance with the 
general instructions for the apparatus. 

Determination of disintegration time 

The time for a tablet to disintegrate. i.e. to decompose Into particles or agglomerates, was 
. 30 determined In accordance with i^. Eur. 

Determination of geometric weight mean diameter dgw 

The geometric weight mean diameter was detemnlned by employment of a method of 
laser diffraction dispersing the particulate material obtained (or the starting materiaO In air. 
3S The measurements were perfonned at 1 bar dispersive pressure in Sympatec l^elos 
equipment which raoords the distribution of the equivalent spherical diameter. This 
distribution is fitted to a log normal volume-size distribution. 
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When i^ed herein, "geometric weight mean diameter* nteans the mean diameter of the 
log normal volume-size distribution. 

5 Datermlfiatlon of dissolution rate 

The dissolution rate was detenmined by employment of USP paddle dissolution method at 
37 "C. 

Examples 

10 For the preparation of a phami^aceutlcal composition In partf culate form according to the 
Invention the method described in WO 03/004001 (jay the pr^nt Inventors) has been 
empl^d. The method ensures a controlled agglomeration process, Le- a strict control of 
the growth in particle ^e while et the same time it is possible to use a relatlveiy large 
amount of an on or an olly-llkB material. 

15 

Examples on Tacrolimus formuiaUOn based on controlled agglomeration 

HPMC re^w to Metolose 80 3H (typ© 2208) or Rflotolose 60 SH (type 2010) fir^m 
ShInEteu. available in different degna© of polymerisation (viscosity, 3-100.000 cP) 
20 Either tsblefs, capsules or granules might be enteric coated vMth different types of 
polymers such as riydro)^ropylmethylcellulosa acetate succinate (Aqoat), cellulose 
acetate phthaiate CAP. hydroxypropylmethylceilulose phtalate HPMCP or methacrylic 
add copolymers such as Eudragit L30O, Eudragft 10VS, EudragK 100/L 

25 Example 1 

Immediate release tablet with Improved bioavailability 



Substances 


% 


mg 


Tacrolimus 


0.50 


1.00 


Lactose 200 mesh 


40.75 


100.00 


PEG 6000 


34.48 


69.30 


Poioxamer 188 


14.78 


29.70 


Magnesium stearate 


O.SD 


1.01 


Total 


100.00 


201.01 
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TacroBmus fs dtesolved In Polyethylene glycol 6000 and Poloxamer 186 (70:30 w/W ratio) 
at 70 **C. The solutlon fs sprayed on 250 g lactose In a fluid bed Strea-1* The granular 
product is sieved through sieve 0.7 mm and blended with megnealum stearate for 0.5 m!n 
in a Turbula mbcer. 

S 

The mTxture is compressed into 8 mm tablets with a strength of 1 mg (200 mg tablet wWi 
compound cup shaped. 

Mean dlslntagraflon tfme: 20 min. Hardness: 45 N 
10 Example 2 

Modified release polydepot capsule based on swelling hydrocailold matrbc of 
hydroxypropylcellulose 



Sut)stance 
Tacrolimus 
HPMC 

Lactose 200 mesh 
PEG 6000 
PolOKameri88 
Total 



% mg 

0.50 1.00 

20.00 40.00 

30.00 60.00 

34.85 69.30 

14.85 29.70 

100.00 200.00 



15 Tacrolimus Is dlssoh/ed In Polyethylene glycol 6000 and Poloxamer 188 (70:30 w/W ratio) 
at 70 The adutian Is sprayed on a mbcturs of 150 lactose and 100 g HPMC in a fluid 
bed Strea-1 . The granular product is sieved through sieve 0.7 mm and flUed Into hard 
gelatine capsules (200 mg) 

20 Examples 

Modifieci release polydepot capsule based on sweJIIng hydrocolloid matrix of 
hydroxypropyicallulose 

Substance % mg 

Tacrolimus o.50 1.00 

HPMC 2910 3 cp 20.00 40.00 

Lactose 200 mesh 30.00 60.00 

Olyceryl monostearate 49.50 99.00 

Total 100.00 200.00 
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Tacrolimus Is dissolved In Qlycerytmonosteamte at 70 *»C. The solutton is sprayed on a 
mixture of 150 lactose and 100 g HPMC In a fluid bed Strea-I. The granular product is 
Sieved through sieve 0.7 mm and filled Into hard gelatine capsules (200 mg) 

S Example 4 

ModMed release matrix tablet based on aweHIng hydracolloM matrix of 
hydnixypropylcellulose 



Substance 


% 


mg 


Tacrolimus 


0.50 


1.00 


HPMC 


19.90 


40.00 


Lactose 200 mesh 


29.85 


60.00 


PEG 5000 


34.48 


69.30 


Poloxanner 188 


14.78 


29.70 


Magnesium stearala 


0.50 


1.01 


Total 


100.00 


201.01 



10 Tacrollmy© te dissolved In Polyethylene glycol 8000 and Poloxamer 188 (70:30 vWW ratio) 
at 70 ''C. Th® solution sprayed on 250 g lactose In a fluid bed Strea-1 . The granular 
product is sieved through sieve 0.7 mm and blended with HPMC and magnesium atearate 
for 0.5 min In a Turbula mixer. 

IS The mbdura la coinprassed into B mm tablets wHh a strength of 1 mg (200 mg tablet with 
compound cup shaped. 

Mean disintegration time: 20 min. Hardness: 45 N 
Examples 

20 Modified releaae matrix tablet based on lipophilic matrbc of giyceiyl monostearate 



Substance 


% 


mg 


TaaolbTuis 


0.50 


1.00 


LacbjBo 200 mesh 


49.75 


100.00 


Glycerylmonostearate 


49.2S 


99.00 


Magnesium stearate 


0.S0 


1.01 




100.00 


201.01 
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TaCTolimua is dissolved In Glyceryl monoslearate at 70 °C. The solution Is sprayed on 250 
g lactose In a fluid bed Strea-1. The granular product Is sieved through sieve 0.7 mm and 
blended with magnesium stearate for 0.5 min In a Turbula mb(er. 
5 The mixbira Is compressed Into 8 mm tablets with a strength of 1 mg (200 mg tablet with 
compound cup shape. 

Mean disintegration time: 20 mIn, Hardness: 45 N 

The tablets were subjected to dissolution testing without ftirther coating, as descriped 
10 below. 

Dissolution profile for Exemple S tablets of Tacrolbnus 



Tlmd (hours) 


% released 


0 


0 


0.5 


2 


1 


4 


3 


6 


8 


17 


24 


37 



Example e 

Modified release pofydepot capsule based on lipophilic matrix of glyoeiyf- 
monoslearate 



substance 


% 


mg 


Tacn^mue 


0.50 


1.00 


Lactose 200 mesh 


49.7S 


100.00 


Glyeeryimonostearate 


49.25 


99.00 


Magnesium stearate 


0.50 


1,01 




100.00 


201.01 



Tacrolimus Is dissolved In Glyceryl monostearate at 70 '»C. The solution Is sprayed on 250 
g lactose In a fluid bed Strea-1. The granular product is sieved through sieve 0.7 mm and 
filled Into hard gelatine capsules (200 mg). 
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E)»mpie7 

Modified release polydepot Tablet based on lipophilic matrix of gelucire 44/14 



Substance 


% 


mg 


Tacrolimus 


0.50 


1.00 


Aeroperf 300 


49.75 


100.00 


Oelucire 44/14 


49.25 


9d.00 


Magncrafum staarate 


0.50 


1.01 




100.00 


201.01 



Tacrolimus is dissolved In gelucire at 70 ''C. The solution is sprayed on 250 g aeroperl f n a 
fluid bed Strea-I. The granular product is sieved through sieve 0.7 mm and filled Into hard 
gelaGne capsules (200 mg). 
10 The granulate is compressed into 8 mm tablets with strength of 1 mg (tablet weight 200 
mg). Tablets are cup shaped. 
Mean disintegration time: 26 min. Hardness: 43 N 

Capsules and tablets from Examples 1 -4 and 6-7 wens coated with a "delayed" release 
15 coating, 

The omiposifion of the coating Is shown fn the table below. 



Ingredients 


% 


Eudragit L30D 


40 


Purifled water 


52 


Tilethyl acathyldtrate 


1.8 


Anflfbam emulsion 


0.2 


Talcum 


6 


Total 


100 



20 Preparation of coating suspension: 

Trfethyl acethylcitrate. antifoam emulsion and purtfied water are mixed by Ultra Turrax at 
9500 rpm for 30 mIn, After 1 mIn talcum Is added. The mixture Is strained through sieve 
300 and stirred by magnet. Eudragit Is strained through sieve 300 and added the mixture. 
Stirring for 5 mln. The coating is stirred thnsughout the coating process. 
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The process condition of the coating process is shown in the fbiloiwing table. 



Inlet temp. °C 


40 


Feed r^, g/min 


5 (position 14) 


OuUe(temp,"C . 


31 


Alrinlot, m'/h 


140 


Nozzle size, mm 


0.6 


Coating time, min 


app. 50 (300g coating) 



s 

App. 400 g of tablets, or 200 g of capsules were coated 



The film coated tablets and capsules were cured for 48 hours at 30 before dissolution 
testing. 

10 

AccoTding to US S,676«26g B2 the dissolution method refers to the Japanese 
Ph@rnria(^poeIa ymcSf\ is in accordance with USP. Th@ ibitowing conditions am outlined: 
Paddle speed: 50 rpm. 

Dissolution media adjusted to pH = 4.S (buffer not specified}. Phosphate buffer according 
1 S to Ph.Eur. 4°* Ed., 0.05M phosphate buffSsr solution pH 4.5 (4009000) will be used. 
Amount of dissdutibn media not spacffled (800 ml standard). 
Addition of 0.005% HPIMC is specified but not the spedflc type (Phannacoat 606 will be 
used) 

20 

The composition of the dissolution media pH^.5 is shown In the following table: 



Ingredients 


Amount 


Potassium dihydrogen phosphate 


6.8 g 


HPMC 


0.05 mg 


Purified water 


Ad 1000.0 ml 



25 Tacrolimus was quantified LCM8. 
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Dissolution profile for example 2 capsules of tacrolimus 



Time (hours) 


% Released 


00.0 


00 


01 .S 


00 


02.0 


00 


04.0 


01 


06.0 


03 


08.0 


OS 


10.0 


20 


15.0 


40 



Dissolution jmfile for Example 4 tablets of tacrolimus 

IS 



Time (hourd) % Released 

00.0 00 

01.0 00 

20 02.0 00 

04.0 03 

06.0 04 

08.0 07 

10.0 14 

25 16.0 36 
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Clalnm 

1. A pharmaoeutlcal composition In particulate form compilsing tacrolimus or analogue 
thereof together with one or more phanmaoeutlcally acceptable excipient wherein the 

5 composition upon oral acrmlnlstrafion to a mammal In need thereof releases tacrolimus or 
an analogue thereof In a controlled manner and exhibits an AUC/AUCpnmf value of at 
least about 1 .3, the AUG values being determined under similar conditions. 

2. A pharmaceutical composition according to dalm 1 , wherein the AUC/AUCpreomf value is 
1 0 at least about 1 .5 suc^ as about 1 ,75 or more, about 1 .8 or more, about 1 .9 or more. 

about 2,0 or more, about 2.5 or more, about 2.75 or more, about 3.0 or more, about 3,25 
or ntore, about 3.5 or more, about 3.75 or more, about 4.0 or more, about 4.25 or more, 
about 4.5 or more, about 4.75 or more or about 5.0 or more, the AUG values being 
detenrtn^ under stmilar conditions. 

IS 

3. A phamiaceutical composition in particulate fbrni comprising tacrolimus together with 
ona or more pharmaceutically acceptable exdptent, wherein the composifion upon oral 
administration to a mammal In need thereof release tacrolimus In m oontroHed manner and 
exhibits a Cnm that is at the most about 80% of that of Cm^ for Progral® tablets sucSi as. 

20 ag.. at the most about 76%. at tfie most about 70%, at tlie most about at the moat 
about 60%. at the most about 55%. at the most about 50%. at the most about 45% or at 
the most about 40%. 

4. A pharmaceutical composition In particulate form comprising tac^oilmus together with 
25 one or more pharmaceutically acceptable excipient, wherein the composition upon oral 

admlrdstration to a mammal In need thereof release tacrolimus In a controlled manner and 
for a dose of 6 mg lacrollnnus exhibits a (W ttiat Is at the most about 30 ng/ml such as. 
e.g. at the most about 25 ng/ml or at the most about 20 ng/ml. 

30 5. A pharmaceutical composition In particulate form comprising tacrolimus together with 
one or more pharmaoeuticslly acceptable exdpisnt. wherein the composition upon oral 
administration to a mammal In need tiiereof release tacrolimus or a derivative or analogue 
tiiereof In a controlled manner and exhibits a tiiat is about 2 hours or more such as, 
e.g., about 3 hours or more, about 4 hours or more, about 5 hours or mora, about 6 hours 

35 or more, about 7 hours or mors, about 8 hours or mors, about 9 hour or more, about 10 
houns or more, about 1 1 hours or more, about 12 hours or more, about 13 hours or about 
14 hours or mora. 
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6. A pharmaceutical oon^osition in particulate form comprising taax>|}mus together with 
one or mora pharmaoeutically acceptable exdplent. wherein the composition upon oral 
administration to a mammal in need thereof release tacrolimus In a controned manner and 
5 BOmtB a Cdur of 80 or less such as. e.g.. about 85 or lesSp about 80 or less, about 75 or 
less, about 70 or less, about 65 or less, about 60 or less, about 55 or less, about 60 or 
less, about 45 or less or about 40 or less, when [Q^ - Q (ts12 houis)J and Cm for 
Prograf ® tablets Is set to 100. 

10 7- A pharmaceutical composition In parflculate fomi comprising tacrolimus together with 
one or more pharmaoeutically acceptable exdplent. wherein the composition upon oral 
adnUnistration of a composition containing 5 mg of tacrolimus to a nnammal In need 
thereof release tacrolimus In a controlled manner and exMbHs a Ctfn of about 15 ng/ml or 
less such as. 8.g.. about 13 ng/ml or less or about 10 ng/ml or less. 

15 

8- A pharmaceutical composition in particulate form comprising tacrolimus or an analogue 
thereof together with one or more pharmaceutically acceptable exclpiant wtfierein the 
composition upon oral admlntefiratlon to a mammal In need thereof releases tacrolimus or 
an analogue thereof In @ controlled manner and does not eitfilblt a significant adverse food 
20 effect as evidenced by a value of (AUCWAUCftaiad) of at least about 0,85 with a lower 
90% confidence Dmit of at least 0.7S. 

9. A pharmaceutical composmon according to claim 8. wherein the value of 
(AUCtetf/AUCteoied) Is about 0.9 or more such as. e.g.. about 0.95 or more, about 0.97 or 

25 more or about 1 or more. 

10. A pharmaceuticai composition In parficulate form comprising tacrolimus together or an 
analogue tfiereof with one or mors pharmaceuticany acceptable exdplent, wherein the 
composition upon oral admlhtstratlon to a mammal in need thereof releases tacrolimus or 

' 30 an analogue thereof In a controlled manner and the composition being essentially 

btoequivalent with Prognafi^ or a similar commercially available tawollmus-contalnlng 
product when administered In a dosis ttiat Is at the about most about 85% wAw of the dose 
of tacrolimus administered In the form of Prograf® or a similar commercially available 
tacroRmus-eorttalnlng product. 

35 

11. A pharmaoeutfcal composition according to dalm 10. wherein the dose Is at the most 
about 80% w/w suc^ as. e.g.» at the most about 75%, at the moat about 70% w^v, at the 



21/01 2004 QNS 14:44 PAX 4*46 33970071 AIBIHNS A/S 



@053/g>iO 



P10779DK 51 

most about 85% wAv. at the moat about 60% w/w. at the most about 55% w/w or at the 
most about 50% w/w of the dose of tacrolimus administered In the form of Prograf® or a 
similar commerdatty available tacrollmus-contalnlng product. 

S 12. A pharmaoeutlGal oompodtfon acoordlng to dabn 10 or 1 1 . wherein the 

bloaqulvaienee to determined by means of at least one of the following parameters: 
Gmic AUCcM. AUCoMniiy. W50, Wns andA>r MRT. 

13. A phamiaoeufical composition In particulate form comprising tacrolimus or an 

1 0 analogue thereof together with one or more phamiaoeuttcally acceptable exdpient 
wherein the composlfion upon oral administration to a mammal in need themof releases 
tacrolimus or an analogue thereof In a controlled manner and reduces side effects like: 
nephro- and neuro-to}dcity. dianhe, constipation, abdominal pain, nausea etc compared 
to those of Prc^rafS administered underthe same condlttons and in a dose that provides 

IS an equivalent therapeutic effect 

14. A pharmaceutical composftion in particulate form comprising tacrolimus or an 
analogue thereof together with one or more phsrmacautlrally acceptable e^plent, 
whersin tfi© composition upon orel administration to a mammal In need thereof releases 

20 tacftollmua or an analogue thereof In a controlled manner end reduoes Inter- and/or fntra- 
indlvidual variations compared to those of PrografS) administered under the same 
conditions and in a dose that provides an equivalent therapeutic eftecL 

15. A pharmaceuflcal composition In particulate form comprising tacrollmira or an 
25 analogue thereof together vwth one or more pharmaoeutlcally acceptable exdplent. 

wherein the composition upon oral administration to a mammal In need thereof exhibits a 
plasma ooncentratton of at least about 5 ng/ml such as, e.g,. at least about 7.5 ngMil or at 
least about 10 ng/mi tor a tame period of at least about 24 hours. 

^ 30 16. A phannriaceutlcafGornposraon according to dalm 15, wherein the difference be 
flie peak plasma concentration and plasma concentration measured 24 hours after 
administration Is at the most about 20 ng/ml such as, e.g., at the most about 10 ng/ml, at 
the most about 7.5 ng/ml or at the most about 5 ng/ml. 

35 17. A pharmaceutical composition in particulate form comprising tacrx)ilmus or an 
analogue thereof together with one or more pharmaceutically acceptable exdpient, 
wherein the composiOon upon oral administration to a mammal In need thereof in a 
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contfotled manner nolddses at least about 90% w/W of the total amount of tacrolbnus or an 
analogue thereof within about 24 houfs, such as, e,g., vwtHn about 22 hours, wHhln about 
20 hours, within about 16 hours, within about 15 hours or within about 12 hours. 

5 18. A phannaceutieal conq)ositkm aoooiding to cialm 17, wherein the composition upon 
oral administration to a mammal In need thereof releases at least about 50% w/w of the 
total amount of tdctx)Omus or an analogue thereof within about 10 hours such as, e«g., 
within about 8 hours, within about 6 hours, within about 4 houre or within about 3 houra. 

10 ia A phannaoeutical oomposltlan acoonding to dalm 17 or 18, wherein the composition 
upon oral adnrdnfetretlon to a mammal In need thereof releases at least about 55% w/w 
such aa, e.g.» about 60% wAv or more, about 66% wM or more, about 70% wAw or more, 
about 75% w/w or more or about 80% wAv or more of the total amount of tacrolimus or an 
analogue thereof 24 hours, such as, e.g., within about 22 hours, within about 20 houre, 

1 5 within about 18 houre, within about 15 houre, within about 1 2 houre, wAhin about 10 
houre, within 8 houre or within about 6 houre. 

20. A pharmaceutical competition aMorclIng to dalm 17, wherein at least about 50% wAv 
of the total amount of tacrallmus or an analogue thereof is released within atiout 24 hours 

20 such as, e.g„ vrithin about 22 hours, within about 20 houre. within about 1 8 houre, within 
about 15 houre or within about 12 houre, whan tasted In an In yMPO dissolution test and 
employing a dissolution medium comprising a buffer having pH 7.5. 

21. A pharmaceuticdl composition according to any of claims 17-20. wherein at least 

25 about 50% w/w of the total amount of tacrolimus or an analogue thereof Is released vyrfthin 
about 10 houre such as, e,g., wftiiin about 8 houre, within about 6 houre, within about 4 
houre, vMMn about 3 houre, witMn about 2 houre, vdthln about 1 hour. v\^in about 45 
mln, within about 30 mhi or within about IS min, when tasted hi an In vitro dissolution last 
and employing a dissolution medium comprising a buffer having pf-l 7.5. 

- 30 

22. A pharmaceuticdl composition according to claim 21, wherein at least about 50% w/w 
of the total amount of tacrolimus or an analogue ttiereof Is released within about 1 .5 hours 
such as. e.g., within about 1 hour, within about 0.75 houre, within about 0.5 houre or within 
about 20 minutes, MAim tested In an in vitro dissolution test and employing a dissolution 

35 medium comprising a buffer having pH 7.5. 
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23. A pharmaoeutlcal composition according to any of dafrr^ 17-22, wherein at least 
about 55% w/w such as. e-g.. about 60% w/w or mora, about 65% w/W or more, about 
70% w/w or more, about 75% wAv or more or about 80% w/w or more of the totai amount 
of tacrolimus or an analogue thereof Is released 24 hours, such as. e.g.. within about 22 
S hours, within about 20 hours, within about 18 hours, wtthin about 15 hours, wMhIn about 
12 hours, within about 10 hours, within 8 hours or within about 6 hours, when tested in an 
in vitro dissolution test and employing a dissolution medium comprising a buffer having pH 
7,6- 

10 24. A pharmaceutical composition according to any of daims 1 7-22, wherein at least 
about 65% w/w such as, e.g., about 60% w/w or mora, about 65% wAv or more, about 
70% w/w or more, about 75% w/W or more or about 80% w/w or more of the total amount 
of tacrolimus or an analogue thsreof Is released within about 6 hours such as, e.g., within 
about 4 hours, within about 3 hours, virithin about 2 hours, within about 1 hours or within 

1 S about 30 minutes, when tested In an in vitro dissolution test and employing a dissolution 
medium comprising a buffer having pH 7.5. 

25. A pharmaceutical composition according to any of elsirm 20-24, wherein the in vitro 
dlasoiuilon teat Is rarrfsd out employing U3P dissolution test (peddle) and a buffer pH 7.5 

20 conteining 2.5% SDS and 1g/ml. of pancreatln as dissolution medium. 

26. A pharmaoeutical composition according to daim 17, wherein at least about 20% w/W 
such as. e.g^ at least about 25% w/w, at least about 30% w/w, at least about 35% w/W or 
at least about 40% w/W of the total amount of lacrolimus or an analogue thereof Is 

25 released within the first 3 hours such as, e.g., within the first 2 hours or within the first hour 
when tested in an in vitro dissolution test and employing a dissolution medium cwnprising 
a buffer having pH 7.6. 

27. A pharmaoeuticai composition In particulate form comprising tecrofrnus or an 

« 30 analogue thereof together vwth one or more pharmaceutlcally acceptebie exdpient, 
wherein the composition upon oral administration to a mammal In need theiBof has a 
delayed release of tecrollmus or an analogue thereof so that at the most abcnjt 1 0% wAat 
such as, e.g., at the most about 7.5% w/iv or at the most about 5% w/w of the totel 
amount of tecrollmus or an analogue thereof is released within the first two hours such as, 
35 e.g.« within the first hour after administration. 
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28. A pharmaeeutical composition according to dafm 27. wherein at tfie most about 30% 
w/W sudi as. e-g., at the moat about 25% w/w. at the most about 20% wAv. at the most 
about 15% w/w or at the most about 10% wAv of tacrolimus or an analogue thereof Is 
released within 2 hours tn an In vitro dissolulton test employing a dissdutlon medium 

S having a pH of at tha most about S such as. e.g. at the most about 4.5. at the most about 
4, at the most about 3.5. at the most about 3« at the most about 2 or at the most about 1 .5. 

29. A pharmacsutica! composition according to claim 27 or 28, wherein at the most about 
1 0% w/w such as. e.g.. at the most about 7.5% w/w. at the most about 5% wAv or at the 

1 0 most about 2.5% wAv of tacroflmus or an analogue thereof is released within 2 hours In an 
in \rftro dissolution test employing a dissolution medium having a pH of at the most about 5 
such 93, e.g. at the most about 4.5. at the most about 4. at the most about 3.5, at the most 
about 3. at the most about 2 or at the most about 1.5. 

15 30. A phamnaceutical csomposIUon according to any of claims 27-29, wherein at the most 
about 60% wAv such as. e.g„ at the most about 50% wAw, at the most about 40% wAv or 
at the most about 30% wAw of tacrolimus or an analc^us thereof Is released within 1 5 
hours such as. e.g.. within about 12 hours, when tested In an In vltre dissolution test 
employing a dissolution n^ium having a pH of at the most about 4.S sudh as. ag. at the 

20 most about 4.0. at the most about 3.5, at the most about 3, at ttie moat about 2 or at the 
most about l.S. 

31 . A phamnaceutical composition according to any of claims 27-30, wherein at the most 
about 40% wAv such as, e.g.. at the most about 30% wAv, at the most about 25% w/w or 
25 at the most about 20% wAv of tacrolimus or an analogue thereof is released within 6 hours 
when tested in an in vitro dissolution test employing a dissolution medium having a pH of 
at the most about 4.5 such as. e.g. at the most about 4.0. at the most about 3.5, at the 
most about 3. at the most about 2 or at the most about 1 .5. 

. 30 32. A pharmaceutical composition according to any of claims 27-31, whera^^ 

about 30% wAv such as. e.g., at the most about 25% wAv. at the most about 20% wAv or 
at the most about 15% w/w of tacrolimus or an analogue thereof Is released within 4 hours 
when tested In an In vitro dissolution test employing a dissolution medium having a pH of 
at the most about 4.6 such as, e.g. at the most about 4.0. at the most about 3.5. at the 
35 most about 3, at the most about 2 or at the most about 1 ,6. 
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33. A pharmaceutical oompositfon according to any of the preceding cfalms, wherein the 
particulate material has a geometric weight mean diameter 6^^ of fe10 pm such as. e.g. ^ 
20 pm, from about 20 to about 2000, from about 30 to about 2000. from about 50 to al)out 
2000. ftom dbout.60 to about 2000, from about 75 to about 2000 such as, e,g. from about 
S 100 to about 1500 //m. from about 100 to about 1000 fsm or ftom about 100 to about 700 
//m. or at the most about 400 A/m or at the most 300 fan such as, e.g., from about 50 to 
about 400 jm such as, e.g.. from ^out 50 tQ about 350 pm, from about 50 to about 300 
pm, from about SO to about 250 pm or from about 1 00 to about 300 ^m. 

10 34. A phanmaceuHcal composlton according to any of the preceding claims, wherein the 
one or moxa pharmaoeutlcaHy acceptable ejwiplent is selected from the group consisting 
of fillers, drsintegrants, binders, diluents, lubricants and glidants. 

35. A pharmaceutical composition according to any of the preceding dai^ further 
IS comprising an pharmaceutfcally acceptable additive selected from the group consisting of 
flavoring agents, coloring agents, taste-masking agents, pH-adjustIng agents, buffering 
agents, preservafives. stabilizing agents, anti-oxfdants. wetting agents, humldlty^djustlng 
agents, surface-activ® agents, suspending agents, absorption enhancing agents. 

20 38. A phanmaoeutical composition acoording to any of the preceding daims wherein at 
least one of the one or mors pharmaceutically acceptable exdpient Is selected from the 
group consisting of silica acid or a derivative or salt fliereof incIiKflng sIHcates, stiioon 
dioxide and polymers thereof; magnesium aluminrailicate and/or magnesium 
alumlnometasiiicato, bentonite, IcaoDn, magnesium trfelllcato, montmoriilontte and/or 

25 saponKe. 

37, A pharmaceutical composition according to any of the preceding dalms comprising a 
silica add or a derivattve or salt thereof. 

. 30 38. A phamnaceutieal composition any of the preceding daims comprising silicon dioxide 
or a polymer thereof. 

39. A phantjaceutical composition acconling to any of the preceding daims comprising a 
silicon dioxide product that has properties corresponding to. Aeroperl® 300, (available 
35 from Degussa, Franl<furt, Germany). 
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40. A pharmaceutical eomposttion according to any of the preceding daims comprising an 
oil or an ony-Dke material 

41 . A phamnaeeutical composltbn according to dabn 40, wherein the concentration of the 
S oU or olly-liice material in the oomposiHon Is about 5% wAv or more such ae, e.g.. atiout 

10% w/W or more, about 15% w/W or more, about 20% wAw or more, about 28% w/W or 
more, about 30% wAv or more, about 35% wAw or more, about 40% wAw or more, about 
45% w/W or more, about 50 wAw or more, about 55% wA« or more, about 60% w/Vv or 
more, about 65% w/W or more, about 70% wAv or more, about 75% wAv or more, about 
1 0 80% wAv or more, about 85% wAw or more, about 90% wAw or more or about 95% wAw or 
more. 

42. A pharmaceutical composition according to dalm 41 . wherein the concentration of the 
oil or ofljMIIce material is in a range from about 20% to about 80% wAw such as, e.g., ftom 

15 about 26% to about 75% wAv. 

Sical den aendres? 

43. A i^amriaceutical composition according to any of the preceding claims, wherein at 
toast a part of tacrolimus or an analogue thereof, is present in the fomi csf a solid 

20 dispersion Induding a molecular dispersion and a solid solutien. 

44. A phamnaceuficai composition according to daim 42, wherein the solid disperaion Is 
manufactored by dissolving or at least dissolving part of the tacrolimus or an analc^ue 
thereof in an oiganic solvent containing a materia! suitable for forming solid dispereiona 

25 and subsequent removing the organic solvent e.g. by evaporation. 

45. A phamnaceuticai composlflon aeeoROng to dalm 44, wherein the metorial suitable fbr 
forming soBd dbperelons is selected ftom the group consisting of cellulose derivatives 
Induding hydroxypropylmethyioeiluiose. NaCMC. PVP and PVA. 

, 30 

48. A pharmaceutical composition according to any of the preceding dalms having an 
acceptable flowabllity as determined according to ttie method described In PKEur. 
measuring the flow rate of the matorial out of a tunnel with a no2Zle diameter of 10.0 mm. 

35 47. A pharmaceutieal oomposltton according to any of the preceding dalms for use m the 
manufacture of granules, peliefs, microspheres, nanopartidea. 
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48. A pharmaceutical composlfion according to any of the preceding claims for use in the 
manufactura of a solid dosage fomi. 

4fl. A pharmaceutical composWon according to dalm 48. wherein the soOd dosage form Is 
5 Intended for administration via the oral, buccal or sublingual administration route. 

50. A pharmaceutical composition according to dalm 48 or 49 In the form of tablets, 
capsules or sachets. 

10 B1. A pharmaceutical composition according to any of the preceding claims for use In the 
manufactura of tablets obtained by direct compression. 

52. A solid dosage form comprising a pharmaceutical composition according to any of 
claims 1«si. 

15 

63. A solid dosage fomi according to dalm 52, wherein the concentration of the 
phamiaceutical composition In particulate form Is in a range of from about 5% to 100% 
w/W eudi as, B.g., from about 10% to about 90% w/w. from about 15% to about 85% wM 
from about 20% to about 80% wAv, from about 25% to about 80% w/w. from about 30% to 
20 about 80% w/W. ftom about 36% to about 80% w/W, from about 40% to about 75% wAat. 
from about 45% to about 75% w/W or from about 50% to about 70% wAv of the dosage 
form. 

54. A solid dosage fomi according to dalm 52. wherein the concentration of the 

25 phanraceutical composition in particulate fbrm is 50% wAv or more of the dosage form. 

55. A sofld dosage form according to any of dalms 62-64, wherein the solid dosage form 
upon oral administration to a mammal In need thereof exhlbfte an AUQAUCpkoBfan value of 
at least about 1 .3, the AUC values being defennnined under sbnllar conditions. 

, 30 

56. A solid dosage fonn according to dalm 65, wherein the AUC/AUCpwewio value Is at 
least about 1 .5 such as about 1 .75 or more, about 1 .8 or more, about 1 ,9 or more, about 
2.0 or more, about 2.5 or more, about 2.75 or more, about 3.0 or more, about 3.25 or 
morOi about 3.5 or more, about 3.75 or more« about 4.0 or mora, about 4.25 or mors, 

35 about 4.5 or more, about 4.75 or more or about 5.0 or mora* the AUC values being 
determined under similar conditions. 
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57. A solid dosage forni In particulate form comprising tacrolimus together with one or 
more pharmaceutlcally acceptable exdpient, wherein the composition upon oral 
administration to a mammal In need thereof release tac^llmus In a controlled manner and 
exhibits a that Is at the most about 80% of that of Cmw for Progral® tablets such as, 

5 e,Q., at the most about 75%. at the most about 70%. at the most about 55%. at the most 
about 80%, at the most about 55%, at the most about 50%, at the most about 45% or at 
the most about 40%. 

58. A soHd dosage form comprising tacrolimus together with one or more pharmaceulicaDy 
10 acceptable exdpient, wherein the composHIon upon oral edmlnlsttatlon to a mammal in 

need thereof release tacrolimus in a controlled manner and for a dose of 5 mg tawoBmi^ 
exhibits a that te at the mwt about 30 ng/ml such as, e.g. at the mpst about 25 ng/ml 
or at the most about 20 ng/hil. 

15 69. A solid dosage form connprislng tacrolimus together wWi one or more phanmaceuflcall/ 
acceptable exdpient, wherein the composition upon oral administration to a mammal In 
need thereof release tacrolimus or a derivative or analogue thereof in a controlled manner 
and exhiblta a Wss that is about 2 hours or more such as, e.g., about 3 houre or more, 
about 4 hours or more, about S hours or more, about 6 hours or more, about 7 hours or 

20 more, about 8 hours or mora, about 9 hour or more, about 1 0 houre or more, about 1 1 
hours or more, about 12 hows or nx)re. about 13 hours or about 14 houre or more. 

80. A solid dosage fomi comprising tacrolimus together with one or more phamnaoeutlcally 
acceptable exdpient. wherein the composition upon oral administration to a mammal In 
25 need thereof ralease tacrolimus In a controlled manner and exhibits a Cdiff of 00 or less 
sudi as, B.g.. about 85 or lass, about 80 or less, about 75 or less, about 70 or less, about 
85 or less, alK>ut 60 or less, atKsut 55 or less, about 50 or less, about 45 or less or about 
40 or less, when [Cmw - C (t==l2 hours)] and C^m for Prograf 9 tablets Is set to 100, 

. 30 61. A solid dosage form comprising tacitJBmustogetherwIth one or rnorepharmaoeutlra^^ 
acceptable exclpient, wherain the composifion upon oral administration of a composition 
containing 5 mg of tacrolimus to a mammal In need thereof release tacrolimus in a 
controlled manner and exhibits a Ctcr of about 15 ng/mi or leas such as. e.g., about 13 
ng/ml or less or about 10 ng/mi or less. 

3S 

82. A soEd dosage form according to any of claims 52-81 , wherein the solid dosage form 
releases tacrolimus or an analogue thereof In a controlled manner and does not exhibit a 
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Significant adverse food effect as evidenced by a value of (AUCfad/AUCftcBwO of at least 
about 0.86 with a lovver 90% confidence limit of at least 0.76. 

63. A solid dosage fbnm accordino to dalm 62, wherein ttie value of (AUCioci/AUC«tot«i) Is 
5 atjout 0.9 or more such as, e.g.» about 0.95 or more, atsout 0.97 or more or about 1 or 

nwre. 

64. A solid dosage forni according to any of claims 52-63, wherein the solid dosage form 
upon oral administration to a mammal In need thereof releases tacrolimus or an analogue 

10 thereof In a controlled nnanner and the solid dosage fomi being essentially bloequivalent 
with Prograi® or a sbnliar commerdally available tacrollmus-oontafnlng product when 
administered in a dose that is at the most about 85% wM of the dose of Tacrolimus 
administered In the fbmi of ProgreW or a similar commercially available Tawollmus 
containing product 

IS 

65 A solid dosage form according to dalm 64, wherein the dose Is at the most about 80% 
w/w such as, e.g.. at the most about 76%i at the most about 70% wAiv, at the most about 
65% wAiv, at m© most about 60% wAv, at the most about 55% w/to or at the most about 
50% wAsf of th© dose of tacrolimus administered In th® fbnn of Prograf® or a similar 
20 commercially ax^Uablatacronmus-contedning product 

66. A solid dosage form according to dalm $4 ores, wherein the bioaquivalenoe is 
detennlned by means of at least one of the foITowfng parameters: tmo. c^aicr AUCm, AUCb. 
iniriifiy. Wso. W75 and/or I^RT. 

25 

67. A solid dosage form comprising tacrolimus or an analogue thereof together with one or 
more phanmaoeutlcaQy acceptable exdplent, wherein the solid dosage form upon oral 
administration to a mammal in need thereof releases tacrolimus or an analogue thereof In 
a controlled manner and reduces side eHects like: nephro-and nauro-toxidiy, dianiie. 

. 30 constipation, abdominal pain, nausea etc compared to those of Prograffl) administered 
under the same conditions and In a dose that provides an equivalent therapeutic effect 

88. A solid dosage fonn comprising tacrolimus or an analogue thereof togeOier with one or 
more pharmaoeufically acceptable exclplent wherein the solid dosage form upon oral 
35 administration to a mammal in need thereof releases tacrolimus or en analogue thereof in 
a oontioiled manner and reduces inter- and/or intre-lndlvldual variations compared to 
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those of Prosraf® administered under the same oondltloro and In a doso fliat provides an 
equivalent therapeutie effect 

69. A sond dosage form comprising taoallnws or an analogue thereof tc^ethervvfth one or 
5 more pharmaoeuticaHy acceptable exdpiBnt. wherein the composition upon oral 
administration to a mammai in need thereof exhibits a plasma cortoentration of at least 
about 6 ng/ml such as. e.g.. at least about 7JS ng/mi or at least about 10 ng/mt for a time 
period of at least about 24 hours. 

10 70. A soUd dorage fomi according to claim 69, wherein the difference between the paalc 
plasma concentration and plasma conoentration measured 24 hours aRer adirdnlstrBllon is 
at the most about 20 ng/M such as, 6.g., at the most about 10 ngAni. at the most about 
7.S ng/mi or at the most about 5 ngAnl. 

15 71 . A solid dosage fomi according to any of claims 52-70, wherein the solid dosage form 
upon oral admlnlstretlon to a mammal in need ther^ releases at least about 50% wfw of 
the total amount of tacrolimus or an analogue thereof 24 hours, such as, e.g., WilKn about 
22 lioure. wmiln about 20 hours, within about 18 houra. within about 15 hours or within 
Bt2out 12 hours. 

20 

72. A solid dosage fomi aceording to daim 71. wherein the soUd dosage (om upon oral 
administration to a mammal in need thereof releases at least about 50% wAv of the total 
amount of tacroilmus or an analogue thereof virfthin about 10 hours such as, e.g., 
about 6 houre, within about 6 hours, within about 4 hours or within about 3 hours. 

25 

73. A solid dosage Ibnn according to daim 71 or 72. wh^eln the solid dosage farm upon 
oral admirtfstratfon to a mammal in need thereof releases at least about 66% wAv siwh as. 
e.g.. about 60% w/w or more, about 65% wfw or more, about 70% wAv or more, about 
75% w/w or more or about 80% wAw or more of the total amount of tacroilmus or an 

. 30 analogue thereof 24 hours, such as, e.g., within about 22 hours, within about 20 hours, 
within about 16 houre, viWiin about 15 hours, witttin about 12 houre, within about 10 
hours, within 8 hours or within about 6 houre. 

74. A solid dosage form acoordir^ to daim 71. wherein at least about 50% wAw of tha total 
35 amount of tacrolimus or an analogue thereof Is released 24 houre, such as. e.g., within 

about 22 houre. within about 20 hours, within about 18 houre, within about 15 houre or 
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Within about 12 hours, when tested in an In vttro dissolution test and employing a 
disoolution ntedlum comprising a buffer having pH 7.5. 

75. A solid dosage fbmn according to any of claims 71-74, wherein at least about 50% wAv 
S of the total amount of tacrolimus or an anaic^ue thereof te released within about 10 hours 

such as, e.g., within about 8 hours, within about 8 hours, within about 4 hours, within 
about 3 hours, within about 2 hours, within about 1 hour, within about 45 mfn, within about 
30 min or within about 15 min, when tested In an In vitro dissolution test and employing a 
dissolution medium comprising a buffer having pH 7.5. 

10 

76. A solid dosage form according to claim 75, wherein at least about 50% w/W of the total 
amount of tacrolimus or an analogue thereof is released within about 1.5 hours such as, 
e.g., within about 1 hour, within about 0,75 hours, within about 0.5 hours or within about 
20 minutes, when tested In an in vitro dissdutton test and employing a dissolution medium 

1 S comprising a buffer having pH 7.5. 

77. A solid dosage form according to any of daims 72-76. wherein at least about 55% w/w 
such as, e.g.. about 60% wAw or mom, about 65% wAw or mor®. about 70% w/W or more, 
about 75% w/W or mona or about 80% w/W or more of the total amount of tacrolimus or an 

20 analogue thereof is released within about 15 hours such as, ©.g.. within about 12 hours, 
within about 10 hours, within 8 hours or within about 6 hours, when tested in an in vitro 
dissolution test and employing a dissdutton medium comprising a buffer havftig pH 7.5. 

78. A solid dosage fbnm according to any of dalms 72-77, wherein at least about 55% w/w 
25 such as, ag., about 60% wAv or more, about 65% wAv or more, about 70% w/w or more, 

about 76% w/w or mora or about 80% w/w or mora of the total amount of tacrolimus or an 
analogue thereof is released within about 5 hours such as, e.g., vwthin about 4 houis, 
within about 3 hours, within about 2 hours, within about 1 hours or within about 30 
minutes, v*en tested m an in vitro dissolution test and employing a dissolution medium 
, 30 comprising a buffer having pH 7.5. 

79. A solid dosage form according to any of claims 74-78, wherein the In vitro dissolution 
test Is carried out employing USP dissolution test (paddle) and a buffer pH 7.5 containing 
2.6% SD8 and Ig/mL of pancreatin as dissolution medium. 

35 

80. A solid dosage fomi according to dalm 71. wherein at least about 20% w/W such as, 
B.g.. at least about 2B% w/W. at least about 30% w/W. at least about 35% w/W or at least 
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about 40% wAv of the total amount of tacrolimus or an analogue thereof Is released within 
the first 3 hours such as, e.9., within the first 2 hours or within the first hour when tested In 
an In vitro dissolution test and employing a dissolution medium comprising a buffer having 
pH 7.5. 

S 

81. A solid dosage fonrt according to any of claims 52-54. wherein the solid dosage fbrm 
upon oral admlnlstratfon to a mammal In need thereof has a delayed release of tecrollmus 
or an analogue thereof so that at the most about 10% w/W such as, e.g., at the most about 
7.5% wAv or at the most about 5% w/w of the total amount of tacrolimus or an analogue 

10 thereof Is released vwthin the first two hours such as, e.g., within the first hour after 
admlnlstratfon. 

82. A solid dosage Ibmi according to da'm 81, wherein at the most about 30% wAv such 
as. a.g., at the most about 25% wAv. at the most about 20% w/w. at the most about 15% 

15 wAv or at the most about 1 0% wAw of tacrolimus or an analogue thereof is jeleased within 
2 hours In an in vitro dissolution test employing a dissolution medium having a pH of at the 
most about 5 such as. e.g. at the most about 4.5. at the most about 4, at the most about 
3.S» at the most about 3, at the most about 2 or at the most about 1«5. 

20 83, A solid dosage form aooonflng to dalm 81 or 82. wherein at the most about 1 0% w/w 
such as. e.g.. at the most about 7.5% w/W, at the most about 5% wAv or at the most about 
2i5% w/w Of tacrolimus or an analogue thereof is fBleased vrithin 2 hours In an In vitro 
dissoluuon test employing a dissolution medium having a pH of at the most about 5 such 
as. e.g. at the most about 4.5. at the most about 4, at the most about 3.5, at the most 

25 about 3. at the most about 2 or at the most ebout 1 .5. 

84, A solid dosage fomn according to any of claims 81-83, wherehfi at the most about 60% 
wfw such as. e.g.. at the most about 50% wA«r. at the most about 40% w/w or at the most 
about 30% wAv of tacrolimus or an analogue thereof Is released Within 15 houra such as, 
^ 30 e.g.. within about 12 hours, when tested in an In vitro dissolution test employing a 

dissolution medium having a pH of at the most about 4.5 such as. e.g. at the most about 
4.0. at the most ebout 3.5. at the most about 3. at the most about 2 or at the most about 
1.5. 

35 85. A solid dosage fbrm according to any of daims 81-84. wherein at the most about 40% 
w/w such as. e.g.. at the most about 30% wAw. at the most about 25% wfw or at the most 
about 20% w/w of tacroltmi^ or an analogue thereof is released within 8 hours when 
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tested In an in vOm dissolution test employinB a dissolution medium having a pH of at the 
most about 4.5 such as. e.g. at the mosX about 4.0. at the most about 3.S, at the most 
about 3. at the most about 2 or at 018 most about 1.5. 

5 86. A solid dosage fom according to any of dafms 81-85, wherein at the most about 30% 
wyw such as. e.g., at the most about 25% w/W, at the most about 20% wAw or at the most 
about 15% wAy of tacrolimus or an analogue thereof is released within 4 hours when 
tested In an In vitro dissolution test employing a dissolution medium having a pH of at the 
most about 4.5 such as, e,g. at the most about 4.0. at the most about 3.5. at the most 
10 about 3. at the most about 2 or at the n»st about 1.5. 

87. A sdld dosage forni according io any of claims 62-86 comprising a multipllcify of 
Individual units su^ as, e.g., pellets, beads andtor granules. 

15 88. A solid dosage fomi according to any of claims 52-87 In the form of tablets, capsules 
or sachets. 

89. A soHd dosage form according to daim 88 in the fomi of a tablet 

20 90. A solid dosage form accofding to any of dtf ms 67-89. wherein the Individual units or 
solid dosage form are coated with a oiatlng selected firwn tha grxnip coning of film 
coatings, modified release coatings, enteric coatings, protective coatings and anti- 
adhesive coatings for the purpose of releasing tacrolimus In a controOed manner. 

25 91 . A soM dosage forai according to arv of claims 52-90. wherein the amount of 

tacrolimus or an analogue thereof oontabied thertfn corresponds to a daily dose thereof. 

92. A solid dosage form according to any of claims 52<^, wherein tacrolimus Is 
embedded In a matrix that releases tacraDmus by diffusion. 

30 

93. A solid dosage form acoonding to dalm 92, wherein the matrbc remains substanUally 
intact during the period of dnig release. 

94. A solid dosage fomn according to any of claims 52-02. wherein tacrolimus le 
35 embedded In a matrix that release tacrolimus by eroding. 
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95. A solid dosage fbmi according to any of dalms 52«9l , wherein tacroronus te released 
from the dosage form by diffusion through a substantially wataMnsoluble coating. 

98. A solid dosage form aooondlng to any of dalms 52-91 In the form of a polydepot 
5 dosage fbmi. which - upon administration - disintegrates into a muIBpUdty of Individual 
units from which tacfx>limus Is rateased. 
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